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ABSTRACT
T u r p e n t i n e - i n d u c e d  in f la m m a t io n  was used  as a model f o r  
t h e  s tu d y  o f  t o x i c  n e u t r o p h i l s  i n  t h e  dog. Changes i n  th e  
number of  c i r c u l a t i n g  t o x i c  n e u t r o p h i l s  p a r a l l e l e d  changes i n  
c l i n i c a l  s i g n s ,  body t e m p e r a t u r e ,  t o t a l  l e u k o c y te  c o u n t ,  and 
n e u t r o p h i l  c o u n t .  L ig h t  m ic ro s c o p ic  a p p e a ran c e  of n e u t r o ­
p h i l s  f rom t u r p e n t i n e - i n j e c t e d  dogs was s i m i l a r  t o  t o x i c  
n e u t r o p h i l s  seen  c l i n i c a l l y  i n  dogs w i th  s e v e r e  b a c t e r i a l  o r  
o t h e r  in f lam m ato ry  d i s e a s e s .  U l t r a s t r u c t u r a l  s t u d i e s  showed 
t h a t  foamy v a c u o l a t i o n  of t h e  c y to p la sm  was due to  i r r e g u l a r ,  
e l e c t r o n - l u c e n t  a r e a s  which o f t e n  c o n t a in e d  membrane remnants  
and m ye l in  f i g u r e s .  I n c r e a s e d  c y t o p la s m ic  b a s o p h i l i a  was due 
t o  th e  r e t e n t i o n  o f  rough endop lasm ic  r e t i c u l u m  and p o ly ­
r ibosom es i n  m a tu re  t o x i c  n e u t r o p h i l s .  Bone marrow s t u d i e s  
i n d i c a t e  t h a t  d i l a t i o n  of  rough en dop lasm ic  r e t i c u l u m ,  
fo l lo w e d  by membrane d i s r u p t i o n  and d e g r a d a t i o n  l e d  to  t h e  
f o r m a t io n  o f  e l e c t r o n - l u c e n t  a r e a s  i n  m a tu re  t o x i c  n e u t r o ­
p h i l s .  M orpholog ic  e v id e n c e  o b t a in e d  from t h i s  s tu d y  
s u g g e s t s  t h a t  c y t o p la s m ic  im m a tu r i t y ,  i n c r e a s e d  c e l l u l a r  
a c t i v i t y ,  and c e l l  d e g e n e r a t i o n  may be i n v o lv e d  i n  th e  
f o r m a t io n  o f  t o x i c  n e u t r o p h i l s  i n  t h e  dog.
I n  v i t r o  f u n c t i o n  t e s t s  on n e u t r o p h i l s  f rom t u r p e n t i n e -  
i n j e c t e d  dogs showed norm al  p h a g o c y t o s i s  o f  S ta p h y lo c o c c u s  
a u r e u s ,  b u t  d im in i s h e d  b a c t e r i c i d a l  a c t i v i t y  a f t e r  30 m in u te s
v i i i
o f  i n c u b a t i o n .  The b i o l o g i c a l  s i g n i f i c a n c e  of t h i s  
f u n c t i o n a l  d e f e c t  i s  u n c e r t a i n  due to  th e  l a c k  of c o r r e l a t i o n  
be tween d im in i s h e d  b a c t e r i c i d a l  a c t i v i t y  and t o x i c  change,  




The major function of the neutrophil is to protect 
against pyogenic infection. Following bacterial invasion or 
tissue necrosis, neutrophils respond to chemotactic stimuli 
and migrate to the lesion. In tissue, they are capable of 
phagocytosis, bactericidal activity, and augmenting the 
inflammatory process. Production of neutrophils in the bone 
marrow is a dynamic process which increases in response to 
inflammation.
Granulopoiesis
Experimental evidence supports the existance of a stem 
cell, colony forming units-lymphoid-myeloid (CFU-L-M), 
capable of differentiating into erythrocytes, granulocytes, 
monocytes, megakaryocytes, and lymphoid cells.1 studies in 
lethally irradiated mice demonstrate the existence of a more 
differentiated stem cell, colony forming units-spleen 
(CFU-S), capable of producing erythrocytic, granulocytic, 
monocytic, and megakaryocytic cells. CFU-S differentiate 
under the influence of their microenvironment, factors from 
helper lymphocytes, cell to cell interaction, and undefined 
humoral factors.3 colony forming units-culture (CFU-C) are 
the first stem cells committed to granulopoiesis. These
c e l l s  have been c u l t u r e d  i n  v i t r o  and d i f f e r e n t i a t e  i n t o  
monocytes  and g r a n u l o c y t e s . ^
Adequate  numbers o f  c i r c u l a t i n g  n e u t r o p h i l s  a re  
m a in t a in e d  by a s e r i e s  of  p o s i t i v e  and n e g a t i v e  feed b a c k  
m echanisms.  Colony s t i m u l a t i n g  a c t i v i t y  (CSA), which i s  
r e q u i r e d  f o r  i n  v i t r o  g row th ,  i s  ana logous  to  
erythropoietin.3 cSA has  been e x t r a c t e d  from m acrophages ,  
m onocy tes ,  a c t i v a t e d  ly m p h o c y te s ,  and e n d o t h e l i a l  c e l l s .  
I n c r e a s e d  demand f o r  monocytes or  g r a n u l o c y t e s  i s  a s s o c i a t e d  
w i th  e l e v a t e d  l e v e l s  of  CSA i n  serum and tissue.3 Humoral 
s u b s t a n c e s  p roduced  by m onocy tic  c e l l s  i n  in f lam m ato ry  
l e s i o n s  n o t  only  s t i m u l a t e  CPU-C i n t o  g r a n u l o p o i e s i s  and 
m o n o c y to p o ie s i s ,  b u t  a l s o  in d u c e  p r o d u c t i o n  of a d d i t i o n a l  
CPU-C from p l u r i p o t e n t  stem c e l l s  (CFU-L-M).5 
N e u t r o p h i l - r e l e a s i n g  a c t i v i t y  (NRA) has  been found in  an im a l s  
g iv e n  v i n b l a s t i n e  s u l f a t e ,  n i t r o g e n  m u s ta rd ,  or  
e n d o t o x i n . 6> 7 ,8  ^RA in d u c e s  n e u t r o p h i l i a  by 
i n c r e a s i n g  th e  r e l e a s e  of m a tu re  n e u t r o p h i l s  from th e  bone 
marrow s t o r a g e  p o o l .  I n  r e s p o n s e  t o  e n d o t o x in ,  c i r c u l a t i n g  
l e u k o c y t e s  p ro d u ce  NRA w h i le  CSA i s  r e l e a s e d  from m onocytic  
c e l l s  i n  tissue.5 E x t r a c t s  from m atu re  g r a n u l o c y t e s  
s p e c i f i c a l l y  i n h i b i t  g r a n u l o p o i e s i s .9 -1 2  G ra n u lo c y te  
c h a lo n e  i s  a p o l y p e p t i d e  t h a t  i n h i b i t s  DNA synthesis.12 
A g l y c o p r o t e i n  ( p o s s i b l y  l a c t o f e r r i n )  d e r iv e d  from n e u t r o p h i l  
g r a n u l e s  b lo c k s  p r o d u c t i o n  o r  r e l e a s e  o f  CSA from 
m a c ro p h a g es . 10
Neutrophil Kinetics
Factors influencing the number of circulating neutro­
phils are: 1) bone marrow production, 2) margination of
blood neutrophils, 3) egress of cells from blood to tissue, 
and 4) senescence and removal of cells from the blood 
stream.
Bone Marrow Production
T o t a l  g r a n u l o c y t i c  mass i n  c a n in e  bone marrow has been 
e s t i m a t e d  u s i n g  r a d i o i r o n  d i l u t i o n . 13 Th is  method' 
q u a n t i t a t e s  th e  red  c e l l  com partment .  G ra n u lo c y t i c  mass as 
d e r i v e d  from g r a n u l o c y t e : e r y t h r o c y t e  r a t i o  was 6 .6  + 0 .59  x 
109 c e l l s / k g  body w e ig h t .  Of t h i s  t o t a l ,  21# were 
p ro m y e lo c y te s  and m y e lo c y te s ,  35# were m e tam yelocy tes  and 
b an d s ,  and 44# were segmented n e u t r o p h i l s .  M y e lo b la s t s ,  
p r o m y e lo c y te s ,  and m ye locy tes  a r e  c a p a b le  of  m i t o s i s  and a r e  
r e f e r r e d  to  c o l l e c t i v e l y  as th e  " m i t o t i c  p o o l " .  Metamyelo­
c y t e s ,  b an d s ,  and segmented n e u t r o p h i l s  canno t  d i v i d e  and 
com prise  t h e  " p o s t - m i t o t i c  p o o l " .  The " s t o r a g e  poo l"  i s  
composed o f  band and segmented n e u t r o p h i l s  which a r e  r e l e a s e d  
t o  th e  b lood  upon demand. T h i r t y  p e r c e n t  of  th e  marrow 
s t o r a g e  compartment i s  r e l e a s e d  i n t o  c i r c u l a t i o n  d a i l y .  At a 
normal r a t e  o f  n e u t r o p h i l  t u r n o v e r ,  t h e  marrow s t o r a g e  poo l  
c o n t a i n s  a 3-4 day su p p ly  of  n e u t r o p h i l s . 12* E x p e r im e n ta l  
s t u d i e s  i n  dogs and man have e l u c i d a t e d  a model f o r  normal 
g r a n u l o p o i e s i s M y e l o b l a s t s  and p r o g r a n u l o c y t e s  d i v i d e  
once w i th  c e l l  c y c l e  t im e s  o f  18 and 24 h o u r s ,  r e s p e c t i v e l y .  
Two d i v i s i o n s  (and p o s s i b l y  f o u r  o r  f i v e ) 1 ^ o c c u r  a t  th e
m y e lo cy te  s t a g e  w i th  a  c y c le  t im e of  51 h o u r s .  The minimum 
t im e  f o r  t r a n s i t i o n  from m ye locy te  to  m e tam yelocy te  i s  3 
h o u r s .  I t  t a k e s  48 h o u rs  from th e  l a s t  d i v i s i o n  a t  th e  
m y e lo cy te  s t a g e  u n t i l  th e  c e l l  m a tu re s  i n t o  a segmented 
n e u t r o p h i l .  N e u t r o p h i l s  a r e  s t o r e d  i n  th e  marrow 
a p p r o x im a te l y  50 h o u rs  p r i o r  to  r e l e a s e  i n t o  c i r c u l a t i o n .
The more m a tu re  c e l l s  l e a v e  th e  marrow f i r s t .  I n c r e a s e d  
d e f o r m a b i l i t y  and m o t i l i t y  a s s d c i a t e d  w i th  m a t u r a t i o n  a r e  
i m p o r t a n t  f a c t o r s  i n  marrow release.17
R a d i o a c t i v e  l a b e l i n g  e x p e r im e n ts  i n d i c a t e  an a v e ra g e  
t r a n s i t  t im e  o f  4-5 days betwen th e  l a s t  m ye locy te  d i v i s i o n  
and th e  ap p e a ra n c e  of  m a tu re  n e u t r o p h i l s  i n  th e  b lo o d s t r e a m .  
1 4 ,1 8 -2 0  j n r e s p o n s e  to  s e v e re  i n f l a m m a t io n ,  t i s s u e  
demand f o r  n e u t r o p h i l s  r i s e s  and marrow t r a n s i t  t im e  
d e c r e a s e s .  Marsh, e t  a l .  m easured  a t r a n s i t  t im e  of  2 .3  days 
i n  dogs w i th  e x p e r i m e n t a l  p neum on ia .21 T u r p e n t i n e -  
induced  m e t r i t i s  reduced  marrow t r a n s i t  t im e  between 
m e tam y e lo cy tes  and n e u t r o p h i l s  to  24 h o u rs  (norm al 60-70 
h o u r s ) . 22 These s t u d i e s  p rove  t h a t  m a t u r a t i o n  of 
p o s t - m i t o t i c  n e u t r o p h i l s  i s  a c c e l e r a t e d  to  meet i n c r e a s e d  
t i s s u e  demand. A r i s e  i n  m i t o t i c  a c t i v i t y  a t  th e  m yelocy te  
s t a g e  l e a d s  t o  an i n c r e a s e  i n  th e  number and r a t e  of e n t r y  of  
n e u t r o p h i l s  i n  t h e  p o s t - m i t o t i c  p o o l .  The number of 
g r a n u l o c y t e  p r e c u r s o r s  u n d e rg o in g  m i t o s i s  as w e l l  as th e  r a t e  
o f  DNA s y n t h e s i s  a r e  b o th  i n c r e a s e d .  The a u t h o r s  conc luded  
t h a t  augmented m i t o t i c  a c t i v i t y  was due to  e i t h e r  a r e d u c t i o n  
i n  t h e  l e n g t h  o f  Gi o r  d im in i s h e d  DNA s y n t h e s i s  t i m e . 22
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A d d i t i o n a l  m y e locy te  g e n e r a t i o n s  and d im in i s h e d  c e l l  cy c le  
t im e  may c o n t r i b u t e  t o  th e  e x p a n s io n  of t h e  p o s t - m i t o t i c  
p o o l . 22 A t t r i t i o n  o f  g r a n u l o c y t e s  o cc u rs  a t  th e  m ye locy te  
s t a g e  i n  dogs.23>24 Reduced m ye locy te  a t t r i t i o n  has  been 
p ro p o sed  as a mechanism of  i n c r e a s i n g  n e u t r o p h i l  p r o d u c t i o n  
i n  r e s p o n s e  to  n eed .  A l th o u g h  th e  mechanism i s  n o t  f u l l y  
u n d e r s t o o d ,  i n c r e a s e d  co m m i t t a l  of p l u r i p o t e n t  stem c e l l s  t o  
g r a n u l o p o i e s i s  i s  an i m p o r t a n t  f a c t o r  i n  p ro lo n g e d  
in f lam m ato ry  d i s e a s e s .  2 2 >25
M a rg in a t io n  of  Blood N e u t r o p h i l s
Blood n e u t r o p h i l s  a r e  d iv id e d  i n t o  c i r c u l a t i n g  and 
m a rg in a te d  com par tm en ts .  N e u t r o p h i l  c o u n ts  i n  p e r i p h e r a l  
b lood  enum era te  c e l l s  i n  t h e  c i r c u l a t i n g  com partment .  The 
rem a in in g  n e u t r o p h i l s  a d h e re  to  e n d o t h e l i a l  s u r f a c e s  and form 
t h e  m a rg in a te d  c o m p a r tm e n t .2^ In  normal dogs ,  1/3 t o  1/2 of  
t h e  t o t a l  b lood  n e u t r o p h i l s  a r e  m a r g i n a t e d . ^ >27 
A d re n e rg ic  drugs  cause  n e u t r o p h i l i a  by i n c r e a s i n g  b lood  f low  
and f l u s h i n g  ou t  m a r g in a t e d  c e l l s . 2^ The n e u t r o p e n i c  
e f f e c t  of e n d o to x in  r e s u l t s  i n  p a r t  from i n c r e a s e d  
m a r g i n a t i o n  a t  t h e  ex p en se  of  th e  c i r c u l a t i n g  pool.29 
N e u t r o p h i l s  must m a r g i n a t e  p r i o r  to  t i s s u e  m i g r a t i o n .  
M a rg in a t io n  i s  e s p e c i a l l y  pronounced  d u r in g  in f la m m a t io n  when 
t i s s u e  m i g r a t i o n  i s  a c c e l e r a t e d .  As a co n seq u en ce ,  t h e  
n e u t r o p h i l i a  o f  i n f l a m m a t io n  can be "masked" by an i n c r e a s e  
i n  t h e  r a t i o  of  m a r g in a t e d  t o  c i r c u l a t i n g  c e l l s .  T h e r e f o r e ,  
t h e  a b s o l u t e  n e u t r o p h i l  co u n t  may no t  a c c u r a t e l y  r e f l e c t  th e  
marrow r e s p o n s e . 2^
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E g re s s  From Blood t o  T i s s u e
Canine n e u t r o p h i l s  c i r c u l a t e  b r i e f l y  b e f o r e  m i g r a t i n g  
i n t o  t i s s u e .  The h a l f - l i f e  of c an in e  n e u t r o p h i l s  i n  
c i r c u l a t i o n  i s  5*6 to  7 . 6  h o u r s ,  depend ing  on w h e th e r  
d i i s o p r o p y l f l u o r o p h o s p h a t e - p 3 2  (DPP) o r  t r i t i a t e d  th y m id in e  
i s  u sed  as th e  r a d i o a c t i v e  c e l l  m a r k e r . l2**21 ,22 ,27  
D e u b e l b e i s s ,  e t  a l .  showed by s im u l ta n e o u s  l a b e l i n g  w i th  bo th  
m ark e rs  t h a t  low er  v a l u e s  o b t a in e d  w i th  DFP r e s u l t  from 
e l u t i o n  o f  th e  marker  f rom th e  n e u t r o p h i l  s u r f a c e . ^
T h e r e f o r e  an e s t i m a t e  of  a p p ro x im a te ly  seven h o u rs  i s  
p ro b a b ly  more a c c u r a t e  and c o r r e l a t e s  w e l l  w i th  s t u d i e s  in  
m a n . 11**22 iphe d i s a p p e a r a n c e  of  n e u t r o p h i l s  from 
b lood  i s  a s im p le  e x p o n e n t i a l  f u n c t i o n ,  s u g g e s t i n g  random 
m i g r a t i o n .  L ab e led  n e u t r o p h i l s  a r e  d e t e c t a b l e  i n  o r a l  
l a v a g e s  s h o r t l y  a f t e r  t h e i r  r e l e a s e  from th e  bone marrow.30 
T h is  s u p p o r t s  random e m i g r a t i o n  from b lood  which i s  u n r e l a t e d  
t o  age or  l e n g t h  o f  t im e  i n  c i r c u l a t i o n .
S e n e s ce n c e  o f  C i r c u l a t i n g  C e l l s
M orphologic  changes  i n  n e u t r o p h i l s  a s s o c i a t e d  w i th  
s e n e s c e n c e  a r e  a l o s s  o f  n u c l e a r  s e g m e n ta t io n  and i n c r e a s e d  
hom ogenei ty  o f  th e  c h ro m a t in  p a t t e r n ;  t h e  cy to p la sm  rem ains  
r e l a t i v e l y  unchanged .  C e l l s  w i th  m u l t i p l e ,  round ,  
homogeneous, d ee p ly  b a s o p h i l i c  n u c l e a r  remnants  a r e  c a l l e d  
p y k n o t i c  n e u t r o p h i l s .  These d e g e n e r a t i v e  changes a r e  n o te d  
24—36 h o u r s  a f t e r  a p p e a r a n c e  o f  n e u t r o p h i l s  in  t h e  b lo o d .  
S e n e s c e n t  n e u t r o p h i l s  a r e  p ro b a b ly  removed by t h e  
m onocyte-m acrophage  s y s t e m . 30
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T is s u e  Phase
I n  normal a n i m a l s ,  most n e u t r o p h i l s  a r e  l o s t  th ro u g h  the  
g a s t r o i n t e s t i n a l  m ucosa .26 commensal organism s a t  t h i s  
p o r t a l  o f  e n t r y  r e l e a s e  c h e m o ta c t i c  f a c t o r s  which in d u c e  
m i g r a t i o n  t o  t h i s  a r e a . 30 D uring  in f la m m a t io n ,  
c h e m o ta c t i c  f a c t o r s  d e r iv e d  from b a c t e r i a l ,  v i r a l ,  and t i s s u e  
p r o d u c t s  cause  n e u t r o p h i l s  to  a c cu m u la te  a t  th e  in f la m m ato ry  
s i t e . 26 M ig r a t io n  o f  n e u t r o p h i l s  i n t o  t i s s u e  i s  
p r i m a r i l y  a u n i d i r e c t i o n a l  p r o c e s s ,  however a r e c e n t  s tu d y  
i n d i c a t e s  t h a t  l i m i t e d  r e c i r c u l a t i o n  i s  p o s s i b l e . 31 once 
i n  t i s s u e ,  n e u t r o p h i l  l i f e s p a n  i s  p ro b ab ly  s h o r t  s i n c e  m a tu re  
n e u t r o p h i l s  l i v e  only  2-3  days i n  c e l l  c u l t u r e . 32
N e u t r o p h i l  Morphology
N e u t r o p h i l  m a t u r a t i o n  a t  t h e  u l t r a s t r u c t u r a l  l e v e l  has 
been  examined i n  s e v e r a l  s p e c i e s ,3 3 -3 7  bu t  no t  in  th e  dog. 
I n d i v i d u a l  s t a g e s  of g r a n u l o p o i e s i s  a r e  no t  e a s i l y  i d e n t i f i e d  
a t  t h e  u l t r a s t r u c t u r a l  l e v e l .  C o n s eq u en t ly ,  i t  i s  more 
r e a l i s t i c  to  d i v i d e  n e u t r o p h i l  development i n t o  t h r e e  s t a g e s  
r a t h e r  th a n  t h e  f i v e  d i s c e r n a b l e  a t  t h e  l i g h t  m ic ro s c o p ic  
l e v e l . 33
" E a r ly  n e u t r o p h i l s "  ( m y e l o b l a s t ,  p ro m y e lo cy te )  have  a 
round to  o v a l  n u c le u s  w i th  a s l i g h t  i n v a g i n a t i o n  i n  t h e  
r e g i o n  o f  th e  G o lg i  a p p a r a t u s .  One o r  more p rom inen t  
n u c l e o l i  a r e  p r e s e n t  and eu c h ro m a t in  p r e d o m in a te s .  
P o ly r ib o so m e s  a r e  abundan t  and rough endoplasm ic  r e t i c u l u m  
i n c r e a s e s  i n  th e  p ro m y e lo c y te .  M i to c h o n d r ia  a r e  p r o m in e n t .
A v a r i a b l e  bu t  sm a l l  number of  l a r g e  ( a z u r o p h i l i c )  g r a n u le s  
a r e  p r e s e n t .  They a r e  p r i m a r i l y  seen  i n  th e  r e g io n  of t h e  
G o lg i  and may n o t  be d i s c e r n a b l e  by l i g h t  m ic ro sco p y .
" I n t e r m e d i a t e  n e u t r o p h i l s "  (m y e lo c y te s ,  metamyelo­
c y t e s )  have  a f l a t t e n e d  and in d e n te d  n u c l e u s .  Chromatin  
b eg in s  t o  condense and n u c l e o l i  a r e  l e s s  p ro m in e n t .  
P o ly r ib o so m es  and rough endop lasm ic  r e t i c u l u m  a r e  d e c re a s e d  
i n  number.  M i to c h o n d r ia  a r e  reduced  in  s i z e  and number, and 
t h e  G o lg i  i s  l e s s  p ro m in e n t .  S m a l l e r ,  s p e c i f i c  g r a n u l e s ,  
some w i th  a c r y s t a l l i n e  s t r u c t u r e ,  ap p e a r  f i r s t  a t  t h e  
m y e lo cy te  s t a g e  and i n c r e a s e  i n  number as m a t u r a t i o n  
p r o g r e s s e s .  The l a r g e r  g r a n u l e s  ( a z u r o p h i l i c  g r a n u l e s ) ,  
which a r e  n o t  p roduced  a f t e r  t h e  p ro m y e lo cy te  s t a g e ,  d e c re a s e  
i n  number w i th  each c e l l  d i v i s i o n .
The n u c l e u s  o f  " l a t e  n e u t r o p h i l s "  (b an d s ,  segmented 
n e u t r o p h i l s )  i s  l o b u l a t e d  w i th  condensed and m a rg in a te d  
c h ro m a t in .  N u c l e o l i  a r e  a b s e n t .  The G o lg i  a p p a r a t u s  i s  
a t r o p h i c ;  m i t o c h o n d r ia  and rough endop lasm ic  r e t i c u l u m  a r e  
r a r e .  S p e c i f i c  g r a n u l e s  p red o m in a te  and a l l  g r a n u l e s  a re  
s m a l l e r  th a n  i n  e a r l i e r  n e u t r o p h i l s .  D um bbel l-shaped  o r  
o b long  dense  g r a n u l e s  and g r a n u l e s  w i th  a c r y s t a l l o i d  
a p p e a ra n c e  a r e  p r e s e n t .  Glycogen g r a n u le s  a c cu m u la te  as t h e  
c e l l  m a tu r e s .
Canine b lood  n e u t r o p h i l s  have been s t u d i e d  u l t r a -  
s t r u c t u r a l l y .3 8 ,3 9  The n u c l e u s  has two to  t h r e e  round 
o r  o v a l  l o b e s .  Chrom atin  i s  clumped and m a r g in a t e d .  A . p a i r  
o f  c e n t r i o l e s  i s  o c c a s i o n a l l y  seen  n e a r  an a t r o p h i c  G o lg i
a p p a r a t u s  i n  an a r e a  o th e r w i s e  f r e e  of  o r g a n e l l e s .  
M i to c h o n d r ia ,  p o ly r ib o s o m e s ,  and segments of rough endo­
p la s m ic  r e t i c u l u m  a r e  i n f r e q u e n t .
Appearance  o f  t h e  ca n in e  cy to p la s m ic  g r a n u l e s  i s  g r e a t l y  
a f f e c t e d  by t h e  method of  f i x a t i o n  and p r o c e s s i n g .  Three  
ty p e s  of  g r a n u l e s  a r e  d e t e c t a b l e  w i th  osmium (Os Oij) 
fixation.39 one ty p e  i s  homogeneous,  e l e c t r o n - d e n s e  and 
e i t h e r  round (0 .1  -  0 .24  pm) o r  ro d -sh ap ed  (0 .34  -  0 .84  pm 
l o n g ) .  A second  i s  s i m i l a r  i n  s i z e  t o  th e  f i r s t ,  b u t  has  a 
g r a n u l a r  o r  l a t t i c e - l i k e  a p p e a ra n c e .  The t h i r d  i s  round o r  
s l i g h t l y  i r r e g u l a r ,  s m a l l e r  th a n  th e  o t h e r  two, and has a low 
e l e c t r o n  d e n s i t y .
With g l u t a r a l d e h y d e  o r  p o ta s s iu m  perm anganate  (KMnOij) 
f i x a t i o n ,  ca n in e  n e u t r o p h i l  g r a n u le s  vary  from s p h e r i c a l  to  
narrow  and e l o n g a t e . 38 G ranu les  a r e  l e s s  e a s i l y  
c l a s s i f i e d  as t o  ty p e  w i th  g l u t a r a l d e h y d e  f i x a t i o n .  KMnOij 
f i x e d  n e u t r o p h i l s  c o n t a i n  t h r e e  ty p e s  of g r a n u le s  s i m i l a r  t o  
t h o s e  d e s c r i b e d  i n  m an .1*0 one ty p e  i s  s p h e r i c a l  to  
e l l i p t i c a l ,  0 .8  pm in  d i a m e t e r ,  and i s  f r e q u e n t l y  e x t r a c t e d .
A second i s  r o d -  t o  d u m b b e l l - sh ap e d ,  l e s s  th a n  0 .2  pm in  
l e n g t h ,  and has  a d e n s i t y  between t h a t  of t h e  f i r s t  ty p e  of  
g r a n u l e s  and th e  c y to p la sm .  The t h i r d  ty p e  of  g r a n u l e  i s  
c y l i n d r i c a l  w i th  h e m i s p h e r i c a l  ends (1 .0  pm x 0 .3  pm), and 
has  a c r y s t a l l i n e  s t r u c t u r e . 38
C e l l s  f i x e d  i n  f o r m a l d e h y d e - g l u t a r a l d e h y d e  m ix t u r e  have 
a h i g h e r  p e r c e n t a g e  of e l o n g a te d  o r  d u m b b e l l - sh ap e d  g r a n u l e s  
t h a n  t h o s e  f i x e d  i n  g l u t a r a l d e h y d e  a l o n e .  F i x a t i o n  in
10
glutaraldehyde-OsO/| mixture gives similar results to 
glutaraldehyde followed by OsOij. When propylene oxide is 
used in processing, the otherwise dense granules of the 
promyelocyte stage (azurophils) are irregularly extracted. 
After uranyl acetate staining, the smaller specific granules 
appear darker.221
I n  s p i t e  o f  t h i s  m orpho log ic  h e t e r o g e n e i t y  of  n e u t r o p h i l  
g r a n u l e s ,  t h e r e  a p p e a r s  to  be on ly  two d i s t i n c t  b io c h e m ic a l  
g ro u p s :  a z u r o p h i l i c  and s p e c i f i c  g r a n u l e s .  A z u ro p h i l s  a r i s e
from th e  concave o r  p ro x im a l  s u r f a c e  of t h e  Golgi  d u r in g  th e  
p r o g r a n u l o c y t e  s t a g e 2*2 and c o n t a i n  a c i d  p h o s p h a t a s e , 2*3 ,46  
p e r o x i d a s e ,  and ly so s o m a l  h y d r o l a s e s . **3,44,46 
S p e c i f i c  g r a n u l e s  o r i g i n a t e  from th e  d i s t a l  o r  convex s u r f a c e  
o f  t h e  G o lg i  b e g i n n in g  a t  t h e  m ye locy te  s t a g e . 2*2 They 
c o n t a i n  ly s o z y m e ,2*?* l a c t o f e r r i n , 2*^>**8 a nd s e v e r a l  
c a t i o n i c  p r o t e i n s . 223 j 2*2* A l k a l i n e  p h o s p h a ta s e  i s  
p r e s e n t  i n  s p e c i f i c  g r a n u l e s  of  many s p e c i e s  j ^ - ^ , 2* 7 
b u t  i s  a b s e n t  i n  t h e  dog. **9 
Toxic  n e u t r o p h i l s
In  toxem ias  a s s o c i a t e d  w i th  b a c t e r i a l  i n f e c t i o n  or  o t h e r  
s e v e r e  in f lam m ato ry  s t a t e s ,  m o r p h o lo g ic a l  changes i n  b lood  
n e u t r o p h i l s  can be d e t e c t e d  w i th  Romanowski s t a i n s . 50 
In  man, t h e s e  changes  i n c l u d e :  1) " s h i f t  to  t h e  l e f t "  o r  t h e
p r e s e n c e  of  immature c e l l s  i n  t h e  b lood  (b a n d s ,  metamyelo­
c y t e s  and r a r e l y  m y e l o c y t e s ) ,  2) b l u e - g r a y  amorphous 
i n c l u s i o n s  i n  t h e  c y to p la s m  (Dohle b o d i e s ) ,  3) t o x i c  
g r a n u l a t i o n  o r  i n c r e a s e d  p rom inence  of c y to p la s m ic  g r a n u l e s ,
and 4) c y t o p la s m ic  v a c u o l a t i o n . 50>51 c e l l s  
e x h i b i t i n g  t h e s e  c h a r a c t e r i s t i c s  a r e  d e s i g n a t e d  " t o x i c  
n e u t r o p h i l s " .  McCall,  e t  a l .  (1969) s t u d i e d  th e  
u l t r a s t r u c t u r a l  ap p e a ran c e  of human t o x i c  n e u t r o p h i l s  i n  
p a t i e n t s  w i th  s e v e r e  b a c t e r i a l  i n f e c t i o n s 5 0 # They 
co n c lu d ed  t h a t  Dohle b o d ie s  were l a m e l l a r  a g g r e g a t e s  of 
rough en dop lasm ic  r e t i c u l u m .  Prominence of c y t o p la s m ic  
g r a n u l e s  co u ld  n o t  be e x p l a i n e d  u l t r a s t r u c t u r a l l y . However, 
by u s in g  a v a r i e t y  of  s t a i n i n g  t e c h n i q u e s ,  s i m i l a r  l i g h t  
m ic r o s c o p ic  changes c o u ld  be produced  in  normal c e l l s .  Toxic  
g r a n u l a t i o n  a p p a r e n t l y  r e p r e s e n t s  a l t e r e d  a f f i n i t y  of g r a n u le  
c o n t e n t s  f o r  W r i g h t ' s  s t a i n .  P a t i e n t s  t r e a t e d  w i th  
c h l o r o q u i n e  had s i m i l a r  g r a n u l e s .  These appea red  
u l t r a s t r u c t u r a l l y  as l a r g e  m ye l in  f i g u r e s ,  s u g g e s t i n g  a 
d e f e c t  i n  f o r m a t i o n  of  o r g a n e l l e s  or  a u to p h a g y .5 5  c l e a r  
v a c u o le s  were i d e n t i f i e d  as e l e c t r o n - l u c e n t ,  homogeneous, 
membrane bound s t r u c t u r e s .
M orpho log ic  changes  i n  t o x i c  n e u t r o p h i l s  may be due to  
c y to p la s m ic  i m m a tu r i t y ,  i n c r e a s e d  c e l l u l a r  a c t i v i t y ,  o r  c e l l  
d egeneration.50 c y t o p la s m ic  im m a tu r i ty  i s  s u p p o r te d  by 
th e  n u c l e a r  im m a tu r i ty  and i n c r e a s e d  amount of rough 
en d o p la sm ic  r e t i c u l u m .  However, t o x i c  changes a r e  seen  in  
c e l l s  w i th  m a tu re  n u c l e i  w i th  e q u a l  f r e q u e n c y .  T h is  may 
imply asy n ch ro n o u s  d ev e lo p m en t .  Human t o x i c  n e u t r o p h i l s  have 
i n c r e a s e d  rough en d o p la sm ic  r e t i c u l u m ,  a z u r o p h i l i c  g r a n u l e s ,  
and c y to p la s m ic  b a s o p h i l i a .  S i m i l a r  changes a r e  seen  i n  
s t i m u l a t e d  lym phocytes  and monocytes i n  c e r t a i n  c h r o n i c
12
i n f e c t i o n s .  P e rh ap s  t h e s e  changes i n  t o x i c  n e u t r o p h i l s  a re  
caused  by i n c r e a s e d  c e l l  a c t i v i t y  seco n d ary  to  in f lam m ato ry  
s t i m u l i .
T ox ic  change i n  dog n e u t r o p h i l s  i s  most commonly 
e x p r e s s e d  by c y t o p la s m ic  b a s o p h i l i a  and v a c u o l a t i o n ,  and th e  
o c c a s i o n a l  Dohle body. T ox ic  g r a n u l a t i o n  i s  seldom seen.51
Neutrophil Function
A n t i b a c t e r i a l  a c t i v i t y  o f  n e u t r o p h i l s  can be d iv id e d  
i n t o  f o u r  p h a s e s :  c h e m o ta x i s ,  o p s o n i z a t i o n ,  i n g e s t i o n ,  and
m i c r o b i c i d a l  mechanisms.
Chemotaxis
Chemotaxis  can be d e f i n e d  as c e l l  m i g r a t i o n  i n  r e sp o n se  
to  a c o n c e n t r a t i o n  g r a d i e n t  of  chem ica l  m e d i a t o r s .  Chemo­
t a c t i c  f a c t o r s  a r e  p ro d u ced  i n  r e s p o n s e  t o  m i c r o b i a l  i n v a s i o n  
o r  t i s s u e  damage and g u id e  t h e  movement of th e  p hagocy te  
toward  th e  s i t e  o f  i n f l a m i n a t i o n . 56 F ragments  of  C3, C5, 
and C567 of  th e  complement sys tem  a r e  p e rh ap s  th e  most p o t e n t  
c h e m o ta c t i c  f a c t o r s  f o r  n e u t r o p h i l s . 57 B a c t e r i a l ,  v i r a l ,  
o r  t i s s u e  p r o d u c t s  a r e  c h e m o ta c t i c  b o th  d i r e c t l y  and 
i n d i r e c t l y  by c l e a v i n g  C3 and C5 i n t o  a c t i v e  f r a g m e n t s . 58 
K a l l i k r e i n  and p la sm in o g e n  a c t i v a t o r  a r e  a l s o  c h e m o ta c t i c  f o r
n e u t r o p h i l s . 58
I n t r i n s i c  n e u t r o p h i l  d e f e c t s  o r  d e f e c t i v e  p r o d u c t i o n  of 
c h e m o ta c t i c  f a c t o r s  r e s u l t  i n  im p a i r e d  ch e m o t a x i s .58 
O p s o n iz a t io n
Opsonization is the process by which serum factors alter
t h e  s u r f a c e  o f  a  p a r t i c l e  t o  f a c i l i t a t e  p h a g o c y to s i s .  
I n g e s t i o n  p ro c e e d s  a t  a slow r a t e  i n  th e  absence  of o p s o n in s ,  
b u t  i s  g r e a t l y  enhanced by t h e i r  p r e s e n c e . 59 o p so n in s  
may be e i t h e r  h e a t  l a b i l e  o r  h e a t  s t a b l e .  IgG and IgM a n t i ­
b o d ie s  a r e  h e a t  s t a b l e  and b ind  to  s p e c i f i c  a n t i g e n s  on th e  
b a c t e r i a l  s u r f a c e . 60 The P (a b )2  p o r t i o n  of th e  immuno­
g l o b u l i n  m o lecu le  b in d s  to  th e  m i c r o b i a l  s u r f a c e  w h i le  th e  Pc 
p o r t i o n  b in d s  t o  r e c e p t o r s  on th e  phagocy te  p lasm a membrane. 
Antibody b r i d g i n g  between m ic robe  and phagocy te  f a c i l i t i e s  
r e c o g n i t i o n  and i n g e s t i o n  o f  th e  i n v a d e r . 61 i n  many 
i n s t a n c e s ,  o p t im a l  p h a g o c y t o s i s  i s  ach ie v e d  on ly  a f t e r  
f i x a t i o n  o f  complement by a n t i g e n - a n t i b o d y  c o m p l e x e s . 62,63  
Normal non-immune serum has th e  c a p a c i t y  to  enhance 
p h a g o c y t o s i s ,  a  p r o p e r t y  which i s  l o s t  a f t e r  h e a t i n g  a t  56c 
f o r  30 m i n u t e s . 6 0 , 6 4 , 6 5  T h is  h e a t  l a b i l e  f r a c t i o n  i s  p a r t  
o f  th e  complement s y s t e m . 62 ,63  J o h n s to n  (1969) showed t h a t  
s e q u e n t i a l  a d d i t i o n  of  C l ,  C2, C4, and C3 i s  r e q u i r e d  f o r  
o p t im a l  p h a g o c y t o s i s .63 The d i r e c t  pathway of  complement 
a c t i v a t i o n  b e g in s  by th e  f o r m a t io n  of C124 o r  C3 c o n v e r t a s e .  
C3 c o n v e r t a s e  s p l i t s  C3 i n t o  two a c t i v e  p r o d u c t s ,  C3a which 
i s  bo th  c h e m o ta c t i c  and a n a p h y l o t o x i c ,  and th e  o p so n in  
C3b.57 complement can o p s o n iz e  by a d s o rb in g  to  th e  
b a c t e r i a l  s u r f a c e 6 4  Qr  by f i x i n g  to  t h e  Fc p o r t i o n  of  an 
a n t ib o d y  a t t a c h e d  to  t h e  m i c r o b e . 61 p h a g o c y to s i s  of 
o p s o n iz e d  b a c t e r i a  i s  enhanced by a t t a c h m e n t  to  s p e c i f i c  C3 
r e c e p t o r s  on th e  p h a g o c y te  s u r f a c e . 61 p r o p e r d i n  i s  a 
serum p r o t e i n  which a c t i v a t e s  complement w i th o u t  t h e  p r e s e n c e
in
of  s p e c i f i c  a n t ib o d y ,  and i s  p ro b a b ly  an im p o r ta n t  so u rce  of 
o p s o n ic  a c t i v i t y  e a r l y  i n  t h e  c o u rse  of  i n f e c t i o n . 66 as  
a n t ib o d y  l e v e l s  i n c r e a s e ,  IgG and IgM become im p o r t a n t  
complement a c t i v a t o r s  to  enhance p h a g o c y t o s i s . 67 
I n g e s t i o n
Upon c o n t a c t  w i th  a p a r t i c l e ,  a phagosome forms when 
n e u t r o p h i l  p seudopod ia  e n c i r c l e  th e  i n v a d e r .  The phagosome 
th e n  buds from th e  p lasm a membrane and m ig r a t e s  c e n t r a l l y . 59 
S t u d i e s  o f  m ic r o f i l a m e n t  i n h i b i t o r s  (eg .  c y t o c h a l a s i n  B) and 
m ic ro t u b u le  i n h i b i t o r s  ( e g .  c o l c h i c i n e )  show th e  im p o r tan ce  
o f  t h e s e  two s t r u c t u r e s  i n  p h a g o c y t o s i s . 59 The p r e s e n c e  
of  r e c e p t o r s  f o r  C3b and IgG Fc f ragm en t  on th e  plasma 
membrane of  p h ag o cy te s  s u g g e s t s  t h a t  i n i t i a t i o n  of 
p h a g o c y to s i s  i s  a membrane phenomenon.69 ,70  R e c e p to r  
f u n c t i o n  r e q u i r e s  d i v a l e n t  c a t i o n s  and can be d e s t r o y e d  by 
t r y p s i n . 69 p h a g o c y t i c  r a t e  i s  a f f e c t e d  by pH, o sm ot ic  
p r e s s u r e , 71 and s u r f a c e  ch a rg e  of  b o th  c e l l  membrane and 
p a r t i c l e  surface.72, Morphine a n a lo g s  cause  membrane 
a l t e r a t i o n s  r e s u l t i n g  i n  d e c re a s e d  p h a g o c y t i c  r a t e . 73 
I n f l u e n z a  v i r u s  b inds  to  t h e  ph ag o cy te  s u r f a c e  and i n h i b i t s  
p h a g o c y t o s i s .7^  p r i o r  e x p o su re  of  n e u t r o p h i l s  to  S. 
a u re u s  a n t i g e n s  enhances  p h a g o c y to s i s  of b o th  S. a u r e u s  and
E. c o l i . 7 5
M i c r o b i c i d a l  Mechanisms
B a c t e r i a l  k i l l i n g  i s  i n i t i a t e d  by two c e l l u l a r  e v e n t s :  
d e g r a n u l a t i o n  and th e  r e s p i r a t o r y  b u r s t .
B a in to n  (1973) u se d  c y to c h e m ic a l  m arkers  to  s tu d y  th e
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p r o c e s s  o f  d e g r a n u l a t i o n . T h i r t y  seconds  a f t e r  phago­
c y t o s i s  o f  b a c t e r i a ,  h a l f  of  th e  phagosomes c o n ta in e d  
a l k a l i n e  p h o s p h a ta s e  i n d i c a t i n g  f u s i o n  of  s p e c i f i c  g r a n u le s  
w i th  phagosomes. By one m in u te ,  p e r o x i d a s e ,  from a z u r o p h i l i c  
g r a n u l e s  was p r e s e n t  i n  on ly  a few phagosomes. However, by 
t h r e e  m in u te s ,  p e r o x i d a s e  was found  in  n e a r l y  eve ry  phago­
some. These o b s e r v a t i o n s  i n d i c a t e  t h a t  s p e c i f i c  g r a n u le s  
and a z u r o p h i l i c  g r a n u l e s  s e q u e n t i a l l y  f u s e  and d i s c h a r g e  
t h e i r  c o n t e n t s  i n t o  t h e  phagosome. The s e q u e n t i a l  n a t u r e  of 
t h i s  p r o c e s s  becomes more i m p o r t a n t  when t h e s e  r e s u l t s  a re  
e v a l u a t e d  i n  c o n j u n c t i o n  w i th  pH changes  i n  th e  p h a g o c y t i c  
v a c u o le .  I n t r a v a c u o l a r  pH d e c r e a s e s  t o  6 .5  w i t h i n  3 m in u te s  
and to  4 .0  w i t h i n  7-15 m i n u t e s .76 A l k a l i n e  p h o s p h a ta s e ,  
lysozyme, and l a c t o f e r r i n  w i t h i n  s p e c i f i c  g r a n u le s  f u n c t i o n  
o p t i m a l l y  a t  n e u t r a l  o r  a l k a l i n e  pH, whereas t h e  c o n t e n t s  of 
a z u r o p h i l i c  g r a n u l e s  ( p e r o x i d a s e ,  a c id  p h o s p h a ta s e ,  and 
ly so so m al  enzymes) f u n c t i o n  o p t i m a l l y  a t  an a c i d  pH.76 
A z u r o p h i l i c  and s p e c i f i c  g r a n u l e s  c o n t a i n  many sub ­
s t a n c e s  w i th  b a c t e r i c i d a l  o r  b a c t e r i o s t a t i c  a c t i v i t y .
Lysozyme h y d r o ly z e s  t h e  b a c t e r i a l  c e l l  w a l l . 77 ,78  
L a c t o f e r r i n  c h e l a t e s  i r o n  which i s  n e c e s s a r y  f o r  b a c t e r i a l  
growth.7 7 ,7 8 ,7 9  c a t i o n i c  p r o t e i n s  have enzyme a c t i v i t y  and 
b in d  t o  t h e  s u r f a c e  of t h e  m ic ro o rg a n i sm .  K i l l i n g  a c t i v i t y  
o f  t h e s e  p r o t e i n s  i s  r e l a t e d  to  t h e i r  i o n i c  i n t e r a c t i o n  w i th  
t h e  m i c r o b i a l  s u r f a c e . 7 7 , 7 8 , 80 ,81
The r e s p i r a t o r y  b u r s t  i s  a s e t  of  b io c h e m ic a l  e v e n t s  
which accompany p h a g o c y t o s i s  and i s  c h a r a c t e r i z e d  by:
16
1 ) i n c r e a s e d  O2 u p t a k e ,  2 ) s u p e ro x id e  an ion  (O2" )  
g e n e r a t i o n ,  3) H2O2 P r o d u c t i o n ,  and 4) i n c r e a s e d  hexose 
monophosphate  s h u n t  (HMS) a c t i v i t y .
Normal n e u t r o p h i l s  consume s m a l l  amounts of  oxygen, bu t  
u p t a k e  i s  i n c r e a s e d  d u r in g  p h a g o c y t o s i s .6 8 ,8 2 ,8 3  G ly c o l y s i s  
p r o v i d e s  energy  n e c e s s a r y  f o r  p h a g o c y t o s i s ,  which p ro c ee d s  i n  
t h e  ab sence  o f  O2 o r  i n  t h e  p r e s e n c e  of  m i t o c h o n d r i a l  
inhibitors.68 T h e r e f o r e  p h a g o c y to s i s  i s  n o t  r e s p o n s i b l e  
f o r  enhanced  O2 u p ta k e  d u r in g  th e  r e s p i r a t o r y  b u r s t .  A 
c o n n e c t i o n  between th e  r e s p i r a t o r y  b u r s t  and b a c t e r i c i d a l  
a c t i v i t y  was e s t a b l i s h e d  when I y e r  (1961 ) p roved  t h a t  oxygen 
was c o n v e r t e d  to  H2O2*®2
HMS a c t i v i t y  a l s o  i n c r e a s e s  d u r in g  p h a g o c y t o s i s .68 
T h is  pathway o x i d i z e s  g lu c o s e  to  CO2 and a f i v e  carbon 
s u g a r  u s in g  n i c o t i n a m i d e  a d e n in e  d i n u c l e o t i d e  p h o sp h a te  
(NADP+ ) as  an e l e c t r o n  a c c e p t o r . 84 s t i m u l a t i o n  of HMS 
by NADP+ s u g g e s t s  t h a t  NADP+ i s  p roduced  d u r in g  th e  
r e s p i r a t o r y  b u r s t .
I n i t i a t i o n  o f  th e  r e s p i r a t o r y  b u r s t  i s  a membrane 
phenomenon which r e q u i r e s  n e i t h e r  p h a g o c y to s i s  nor  ly so s o m a l  
degranulation.66 oxygen r e d u c t i o n  by an enzyme on the  
p lasm a membrane i s  t h e  i n i t i a l  s t e p  and r e q u i r e s  NADPH o r  
NADH as  t h e  e l e c t r o n  donor .  Most d a t a  i n d i c a t e  t h a t  NADPH 
and NADPH o x id a s e  a r e  in v o lv e d  i n  t h i s  r e a c t i o n  which 
p ro d u ce s  s u p e ro x id e  a n io n  (02- ) .®^-91
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202 + NADPH NADPH o x id a s e  2 Q ^  + NADp+ + H+
E s s e n t l a l l y  a l l  O2 consumed i s  c o n v e r t e d  to  O2-  
and Q 0 %  o f  t h i s  i s  e n z y m a t i c a l l y  c o n v e r t e d  to  H2O2 by 
s u p e r o x id e  d i s m u ta s e  (GOD): 86,87>92
202" + 2H+  SOD t 02 + H2o2
R e s p i r a t o r y  b u r s t  a c t i v i t y  i s  i m p o r t a n t  because  i t  
p ro d u c es  o x i d i z i n g  a g e n t s  w i th  b a c t e r i c i d a l  a c t i v i t y .
S e v e r a l  mechanisms of  o x i d a t i v e  k i l l i n g  have been p ro p o sed  
f o r  t h e  n e u t r o p h i l .  B a c t e r i c i d a l  a c t i v i t y  has been 
d em o n s t r a te d  f o r  t h e s e  a g e n ts  i n  v i t r o , bu t  t h e i r  r e l a t i v e  i n  
v iv o  im p o r ta n ce  i s  unp roven .
S u p e ro x id e  an io n  (02“ ) i s  p roduced  by n e u t r o p h i l s  and 
i s  t h o u g h t  to  be an im p o r t a n t  b a c t e r i c i d a l  a g e n t . 87 ,93  
R ecen t  i n  v i t r o  e x p e r im e n ts  c a s t  doubt on i t s  
i m p o r t a n c e , 94-98 t h e s e  s t u d i e s  used  low er  l e v e l s  of
02“ th a n  a r e  p roduced  w i t h i n  p h a g o c y t e s .98
M y e lo p e ro x id a se  (MPO) i s  a h em o p ro te in  w i th  a m o le c u l a r  
w e ig h t  of  a p p r o x im a te ly  1 5 0 ,0 0 0 .9 9  i t  i s  found i n  abundance 
i n  a z u r o p h i l i c  g r a n u l e s . ^  T h is  enzyme i n  t h e  p r e s e n c e  
o f  H2O2 and c h l o r i d e  io n  (C l“ ) h a s  b a c t e r i c i d a l  
a c t i v i t y . 199 R ecen t  s t u d i e s  i n d i c a t e  t h a t  MPO a t t a c h e s  
t o  t h e  b a c t e r i a l  w a l l  and forms a complex w i th  H2O2 and 
C l” . A s e r i e s  o f  i n t r a m o l e c u l a r  r e a r r a n g e m e n t s  r e s u l t  i n
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t h e  p r o d u c t i o n  o f  an " a c t i v a t e d  c h l o r i n e "  (CI2- ,  C i+ , 
OC1“ ) .1 0 1  T h is  complex r e a c t s  w i th  p r o t e i n s  on th e  
b a c t e r i a l  c e l l  w a l l  to  p roduce  b a c t e r i c i d a l  a g e n t s  
( c h l o r a m i n e s , a l d e h y d e s )  and b r e a k s  p e p t i d e  b o n d s .102-104 
S b a r r a  (1979) s u g g e s t e d  t h a t  a c t i v a t e d  c h l o r i n e  i t s e l f  i s  t h e  
most im p o r t a n t  b a c t e r i c i d a l  a g e n t . 100
R ecen t  e x p e r im e n ts  s u g g e s t  t h a t  n e i t h e r  H2O2 n o r  O2-  i s  
t h e  i m p o r t a n t  b a c t e r i c i d a l  a g e n t .  H ydroxyl  r a d i c a l  (*0H), 
a s u b s t a n c e  formed by th e  r e a c t i o n  between t h e s e  two a g e n t s ,  
has  g a in e d  s u p p o r t  as an im p o r t a n t  b a c t e r i c i d a l  
a g e n t . 9 ^ , 9 5 , 9 7 , 9 8 , 1 0 5 , 1 0 6
S i n g l e t  oxygen ( I 0 2 ) d i f f e r s  from a t m o s p h e r i c  oxygen 
on ly  i n  th e  c o n f i g u r a t i o n  of  th e  e l e c t r o n s  a round  th e  two 
o x y g e n ' n u c l e i . T h is  d i f f e r e n c e  g r e a t l y  enhances  th e  
r e a c t i v i t y  of  s i n g l e t  oxygen such t h a t  th e  two m o le cu le s  a r e  
c o n s i d e r e d  d i s t i n c t  ch em ica l  e n t i t i e s . 107 s e v e r a l  
s u b s t a n c e s  p roduced  d u r in g  th e  r e s p i r a t o r y  b u r s t  a r e  c a p a b le  
of  p a r t i c i p a t i n g  i n  r e a c t i o n s  which form s i n g l e t  oxygen. 
D i r e c t  p r o o f  o f  t h e  p r o d u c t i o n  o f  ^02 o r  i t s  im p o r ta n ce  
i n  b a c t e r i a l  k i l l i n g ,  how ever ,  has  n o t  been f o u n d . 8 7 ,89
R e c u r r e n t  b a c t e r i a l  o r  f u n g a l  i n f e c t i o n s  o c c a s i o n a l l y  
o c c u r  i n  p a t i e n t s  w i th  normal serum im m unoglobulin  l e v e l s  and 
d e la y e d  h y p e r s e n s i t i v i t y  r e a c t i o n s ,  and a d e q u a te  numbers of 
b lood  n e u t r o p h i l s . 87 D e f e c t i v e  n e u t r o p h i l  f u n c t i o n  i s  
r e s p o n s i b l e  f o r  im p a i r e d  r e s i s t a n c e  i n  t h e s e  p a t i e n t s .  
D i s o r d e r s  o f  n e u t r o p h i l  f u n c t i o n  i n  man have  been r e c e n t l y  
reviewed.77 ,108  im p a i rm en ts  o f  c h e m o ta x i s ,
a d h e re n c e ,  p h a g o c y t o s i s ,  o r  m i c r o b i a l  k i l l i n g  have a l l  been 
d e m o n s t r a t e d .  In  many i n s t a n c e s ,  more th a n  one of t h e s e  
f u n c t i o n s  i s  compromised i n  t h e  same p a t i e n t .  These 
d y s f u n c t i o n s  may be e i t h e r  i n h e r i t e d  o r  a c q u i r e d .  S e v e r a l  
d rugs  have been a s s o c i a t e d  w i th  d im in i s h e d  n e u t r o p h i l  
a c t i v i t y . 109 ,110  M e ta b o l i c  d i s t u r b a n c e s  such as d i a b e t e s  
m e l l i t u s ,  u re m ia ,  a l c o h o l i s m ,  s e v e r e  b u r n s ,  and shock in d u c e  
r e v e r s i b l e  im pa irm en t  of  n e u t r o p h i l  f u n c t i o n . 56 ,111-116  
Blood n e u t r o p h i l s  from humans w i th  sy s te m ic  lu p u s  
e r y t h e m a t o s u s ^ ^  a nd s y n o v i a l  f l u i d  n e u t r o p h i l s  from 
rh eu m a to id  a r t h r i t i s  p a t i e n t s l l S  ^ave  d e c re a s e d  
p h a g o c y t i c  a b i l i t y .  P a t i e n t s  w i th  u n t r e a t e d  b a c t e r i a l  
e n d o c a r d i t i s  have d im in i s h e d  b a c t e r i c i d a l  a c t i v i t y . H 9  
R e v e r s i b l e  c h e m o ta c t i c  d e f e c t s  a r e  seen  i n  some c h i l d r e n  w i th  
p e r i o d o n t a l  d i s e a s e  due to  C apnocy tophaga .120
P e rso n s  w i th  s e v e r e  b a c t e r i a l  i n f e c t i o n s  and t o x i c  
n e u t r o p h i l s  can e x h i b i t  t r a n s i e n t  d e f e c t s  i n  b a c t e r i c i d a l  
c a p a c i t y .121 -125  p h a g o c y t i c  a c t i v i t y  i s  g e n e r a l l y  no t  
im p a i r e d .  F u n c t io n  i s  n o t  r e s t o r e d  by a d d i t i o n  of c o n t r o l  
serum and p a t i e n t  serum does n o t  in d u ce  t h e  d e f e c t s  i n  normal 
c e l l s .  W e in s te in  (1976)  found  no i n t r i n s i c  d e f e c t  i n  n e u t r o ­
p h i l s  from p a t i e n t s  w i th  Gram n e g a t i v e  s e p t i c e m i a  and 
conc luded  t h a t  i n a d e q u a t e  o p s o n i z a t i o n ,  r a t h e r  th a n  an 
I n t r i n s i c  n e u t r o p h i l  d e f e c t ,  was a more i m p o r t a n t  cause  of 
n e u t r o p h i l  dysfunction.126 v a r i a t i o n s  i n  t h e s e  r e s u l t s  a r e  
l i k e l y  due t o  t h e  s t a g e  and s e v e r i t y  of  d i s e a s e  a lo n g  w i th  
d i f f e r e n c e s  i n  a s s a y  t e c h n i q u e .
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McCall (1971) m easured  m e ta b o l i c  a c t i v i t y  of  t o x i c  
neutrophils.127 oxygen u p ta k e  and hexose monophosphate 
sh u n t  a c t i v i t y  were e l e v a t e d  s l i g h t l y .  Q u a n t i t a t i v e  NBT 
r e d u c t i o n  was no rm al ,  b u t  an i n c r e a s e d  number of  c e l l s  
reduced  th e  dye.  M e ta b o l ic  changes were u n r e l a t e d  to  d eg ree  
o f  l e u k o c y t o s i s ,  c e l l u l a r  im m a tu r i ty ,  p r e s e n c e  of  f e v e r ,  
a z o te m ia ,  h y p o te n s io n ,  o r  a n t i b i o t i c  t h e r a p y .
Lysosomal d e p l e t i o n  and c e l l  im m a tu r i ty  have been 
p ro p o sed  as causes  f o r  d e c re a s e d  f u n c t i o n  i n  t o x i c  n e u t r o ­
p h i l s .  127 i n c r e a s e d  ly so so m al  p e r m e a b i l i t y  and 
sp o n tan eo u s  d e g r a n u l a t i o n  a r e  n o te d  in  t o x i c  n e u t r o p h i l s .  
F e a t u r e s  of  c y to p la s m ic  im m a tu r i ty  ( b a s o p h i l i a ,  i n c r e a s e d  
rough endop lasm ic  r e t i c u l u m )  s u g g e s t  f u n c t i o n a l  im m a tu r i t y .
L i s t  o f  O b j e c t i v e s
The o b j e c t i v e s  o f  t h i s  d i s s e r t a t i o n  were:
1) To d eve lop  an e x p e r i m e n ta l  model to  p roduce  t o x i c  
n e u t r o p h i l s  i n  t h e  dog.
2) To s tu d y  m orpho log ic  changes of  t o x i c  n e u t r o p h i l s  in  
b lood  a t  t h e  l i g h t  and e l e c t r o n  m ic ro s c o p ic  l e v e l s .
3) To s tu d y  t h e  m orphogenes is  of  t o x i c  n e u t r o p h i l s  i n  bone 
marrow a t  t h e  l i g h t  and e l e c t r o n  m ic ro s c o p ic  l e v e l s .
4) To q u a n t i t a t e  i n  v i t r o  f u n c t i o n  of  normal and t o x i c  
n e u t r o p h i l s .
E x p e r im e n ta l  D es ign
D ata  p r e s e n t e d  i n  C h a p te r s  2-lJ were d e r iv e d  from a
r e s e a r c h  p r o j e c t  i n v o l v i n g  a t o t a l  o f  14 m ongrel  dogs.
Animals were d iv id e d  i n t o  two t r e a t m e n t  g roups  (3 m a le s ,  4 
f em a le s  p e r  g r o u p ) .  The f i r s t  group of dogs was i n j e c t e d  
i n t r a m u s c u l a r l y  w i t h  1 . 0  ml t u r p e n t i n e .  Dogs i n  th e  second  
group  ( c o n t r o l s )  were i n j e c t e d  s i m i l a r l y  w i th  1 .0  ml 0 .9#  
s t e r i l e  s a l i n e .  C h a p te r  2 i n c l u d e s  c l i n i c a l  s i g n s ,  body 
t e m p e r a t u r e ,  hem ato logy  and bone marrow d a t a  from t h e s e  14 
dogs .  The u l t r a s t r u c t u r e  of b lood  n e u t r o p h i l s  and g r a n u l o ­
c y t e  p r e c u r s o r s  i n  t h e  bone marrow of  8 o f  t h e s e  dogs (2 
m a le s ,  2 fem a le s  from each g roup)  i s  d e s c r ib e d  in  C h a p te r  3. 
C h a p te r  4 c o n t a i n s  th e  r e s u l t s  of  n e u t r o p h i l  f u n c t i o n  s t u d i e s  
f rom 10 of  t h e s e  dogs (2 m a le s ,  3 fem a les  p e r  g ro u p ) .
S t a t i s t i c a l  e v a l u a t i o n  of th e  d a t a  was perfo rm ed  by 
a n a l y s i s  of  v a r i a n c e .
CHAPTER I I
Toxic  N e u t r o p h i l s  i n  th e  Dog:
H em ato log ic  and Bone Marrow Response t o  
T u r p e n t i n e - i n d u c e d  In f la m m a t io n
I n t r o d u c t i o n
Acute in f la m m a t io n  causes  changes i n  th e  number and 
morphology of  c i r c u l a t i n g  n e u t r o p h i l s ,  as w e l l  as t h e i r  bone 
marrow p r o d u c t i o n  and r e l e a s e .  One h o u r  a f t e r  i n d u c t i o n  of 
in f l a m m a t io n ,  c i r c u l a t i n g  n e u t r o p h i l s  a r e  d e c re a s e d  due t o  
m a r g i n a t i o n  i n  s m a l l  v e s s e l s  and t i s s u e  m i g r a t i o n . 22 
During  th e  n e x t  s e v e r a l  h o u r s ,  a c c e l e r a t e d  r e l e a s e  of 
segmented and band n e u t r o p h i l s  from th e  bone marrow causes  a 
s t e a d y  r i s e  i n  c i r c u l a t i n g  n e u t r o p h i l s  and a s h i f t  to  th e  
l e f t .  Bone marrow p r o d u c t i o n  of n e u t r o p h i l s  i n c r e a s e s  by 
a c c e l e r a t e d  m a t u r a t i o n  of  p o s t - m i t o t i c  p r e c u r s o r s ,  i n c r e a s e d  
r a t e  and number of  m y e locy te  m i t o s e s ,  and a d d i t i o n  of
committed s tem c e l l s  to  granulopoiesis.21,22
Toxic change o r  t o x i c  n e u t r o p h i l s  a r e  te rm s used  to  
d e s c r i b e  a l t e r a t i o n s  i n  n e u t r o p h i l  morphology a s s o c i a t e d  w i th  
s e v e r e  b a c t e r i a l  i n f e c t i o n s  o r  o t h e r  s e v e r e  in f lam m ato ry  
d i s o r d e r s .  I n  t h e  dog, c y t o p la s m ic  b a s o p h i l i a ,  v a c u o l a t i o n ,  
and an o c c a s i o n a l  Dohle body a r e  f e a t u r e s  of t o x i c  n e u t r o ­
p h i l s .  51
The purpose of this study was to develop a reliable
model for the production and study of toxic neutrophils in
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t h e  dog. Subcu taneous  o r  i n t r a m u s c u l a r  t u r p e n t i n e  i n j e c t i o n  
i s  a c l a s s i c a l  model o f  t h e  a c u t e  in f lam m ato ry  p r o c e s s .  
A cu te ,  l o c a l  in f la m m a t io n  was induced  i n  dogs by i n j e c t i n g  
t u r p e n t i n e  i n t r a m u s c u l a r l y .  C l i n i c a l  s i g n s ,  com ple te  b lood 
c o u n t s ,  n e u t r o p h i l  morphology and bone marrow c y to lo g y  were 
compared i n  c o n t r o l  and t u r p e n t i n e - i n j e c t e d  dogs.
Materials and Methods
F o u r t e e n  mongrel  dogs were v a c c i n a t e d , a t r e a t e d  f o r  
i n t e s t i n a l  p a r a s i t e s , b and p r e - c o n d i t i o n e d  f o r  two weeks in  
an an im al  h o ld in g  u n i t .  Seven dogs (3 m a le ,  4 f e m a le )  were 
i n j e c t e d  i n t r a m u s c u l a r l y  w i th  1 .0  ml t u r p e n t i n e 0 i n  th e  
l e f t  g l u t e a l  r e g i o n .  Seven c o n t r o l  dogs (3 m a le ,  4 fem a le )  
were i n j e c t e d  s i m i l a r l y  w i th  1 .0  ml s t e r i l e  0 . 9 % s a l i n e .
C l i n i c a l  s i g n s ,  r e c t a l  t e m p e r a t u r e s ,  and g ro s s  
ap p e a ra n c e  o f  th e  l e s i o n  were r e c o rd e d  d a i l y .  Venous blood 
samples  were c o l l e c t e d  i n  p o ta s s iu m  EDTAd on t h r e e  days 
im m ed ia te ly  p r i o r  to  i n j e c t i o n .  P o s t - i n j e c t i o n  samples were 
c o l l e c t e d  a t  8 ,  16 ,  and 24 h o u r s ,  and th e n  d a i l y  f o r  n in e  
d ay s .  S ta n d a rd  l a b o r a t o r y  t e c h n iq u e s  were used  to  measure 
packed c e l l  volume and t o t a l  p lasma p r o t e i n  c o n c e n t r a t i o n .
aVanguard DA2pL + B o r d e t e l l a ,  Nordon L a b o r a t o r i e s ,
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bS t r o n g i d  T, P f i z e r  I n c . ,  New York, NY.
°Medi-Kay P h a r m a c e u t i c a l  C o . , B r o o k f i e l d ,  MD.
^ V a c u t a i n e r ,  B e c to n - D ic k in s o n ,  R u t h e r f o r d ,  NJ. 
e C o u l t e r  Model Z f ,  C o u l t e r  E l e c t r o n i c s ,  H ia l e a h ,  FL. 
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Leukocyte counts were determined by an electronic cell 
counter.e Blood films were prepared** and stained with 
Wright1s-Giemsa for differential leukocyte counts and 
quantitation of toxic change.
Bone marrow sam ples  were a s p i r a t e d  from th e  i l i u m  or  
humerus of f o u r  dogs from each group u s in g  an 18 gauge 
R o s e n th a l  n e e d l e .  Samples were c o l l e c t e d  im m ed ia te ly  p r i o r  
to  i n j e c t i o n  and on days  1 ,  2 ,  3 ,  4, and 9 p o s t - i n j e c t i o n .  
Marrow smears  were s t a i n e d  w i th  W r ig h t ' s -G iemsa to  a s s e s s  
g r a n u l o c y t e  morphology .  F iv e  hundred  c e l l s  were i d e n t i f i e d  
t o  d e te rm in e  m y e l o i d : e r y t h r o i d  r a t i o .
The hem ato logy  and bone marrow d a t a  were e v a l u a t e d  by 2 
x 14 and 2 x 6  a n a l y s e s  o f  v a r i a n c e  r e s p e c t i v e l y .
R e s u l t s
T u r p e n t i n e - i n j e c t e d  dogs were d e p r e s s e d  w i t h i n  8 h o u rs  
and became i n c r e a s i n g l y  a n o r e c t i c  and l e t h a r g i c  by days 2 -3 .  
The dogs were lame on t h e  t u r p e n t i n e - i n j e c t e d  limb by 16 
h o u rs  b u t  r e g a i n e d  u se  of th e  limb by day 7- Most dogs were 
c l i n i c a l l y  normal by day 7 ,  however two an im a ls  were 
d e p r e s s e d  th ro u g h  day 9 .  I n j e c t i o n  s i t e s  were s w o l l e n ,  
r e d d e n e d ,  warm, b u t  n o t  s e v e r e l y  p a i n f u l  by 24 h o u r s .  The 
s i z e  o f  t h e  l e s i o n  i n c r e a s e d  o v e r  t h e  f i r s t  t h r e e  to  f i v e  
days i n t o  a  f i r m  mass i n v o l v i n g  th e  e n t i r e  l e f t  g l u t e a l  
r e g i o n .  C o n t ro l  dogs rem ained  c l i n i c a l l y  normal t h r o u g h o u t  
t h e  c o u r s e  o f  th e  e x p e r i m e n t .
Average r e c t a l  t e m p e r a t u r e s  i n  t u r p e n t i n e - i n j e c t e d
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an im a ls  r o s e  t o  103 .7  F a t  24 h o u r s ,  peaked a t  104 .2  F on day 
2, and g r a d u a l l y  d e c l i n e d  to  b a s e l i n e  by day 7 ( F ig .  1 ) .
Body t e m p e r a tu r e s  i n  t h e  c o n t r o l  group d id  n o t  vary  
s i g n i f i c a n t l y  d u r i n g  th e  e x p e r im e n t .
Changes i n  n e u t r o p h i l  numbers p a r a l l e l e d  t h e  t o t a l  
l e u k o c y te  coun t  i n  t u r p e n t i n e - i n j e c t e d  dogs .  L e u k o c y to s i s  
and an a b s o l u t e  n e u t r o p h i l i a  were o b se rv e d  a t  8 h o u rs  p o s t ­
i n j e c t i o n  (x  = 2 9 , 3 0 0 / | i l  and 2 4 , 5 0 0 / p l  r e s p e c t i v e l y )  and 
remained r e l a t i v e l y  c o n s t a n t  th ro u g h  day 5 ( F ig .  2 and 3 ) .
By day 7,  n e u t r o p h i l . c o u n t s  had r e t u r n e d  to  p r e - i n j e c t i o n  
l e v e l s .
Immature forms of  n e u t r o p h i l s  were seen  r a r e l y  in  
c o n t r o l  and p r e - i n j e c t i o n  b lood  sa m p le s .  Band n e u t r o p h i l s  
i n c r e a s e d  a b r u p t l y  be tween  8 and 16 h o u rs  p o s t - i n j e c t i o n  to  a 
mean v a lu e  o f  2 4 0 0 / | i l  (F ig . ,  4) and were s i g n i f i c a n t l y  
i n c r e a s e d  th ro u g h  day 4.
I n c r e a s e d  c y t o p la s m ic  b a s o p h i l i a  and foamy or  v a c u o la t e d  
cy to p la sm  were common i n  t h e  n e u t r o p h i l s  of p o s t - i n j e c t i o n  
b lood  samples  ( F i g .  5 ) .  B l u e - g r a y ,  amorphous,  c y to p la s m ic  
i n c l u s i o n s  (Dohle b o d ie s )  were seen  o c c a s i o n a l l y .
M orphologic  f e a t u r e s  of  t o x i c  change were seldom seen  i n  
c o n t r o l  b lood  sa m p le s .  Toxic  n e u t r o p h i l s  were f i r s t  o b se rv ed  
a t  8 h o u rs  and were s i g n i f i c a n t l y  e l e v a t e d  by 16 h o u rs  (F ig .
6 ) .  On day 2 ,  t h e  number of  t o x i c  n e u t r o p h i l s  i n  t e s t  dogs 
peaked  a t  an a v e ra g e  o f  1 5 , 0 0 0 / p l  and d e c l i n e d  g r a d u a l l y  t o  
b a s e l i n e  l e v e l s  by day 7.













P ig .  1 Body t e m p e r a tu r e s  i n  c o n t r o l  (-----) and t u r p e n t i n e
i n j e c t e d  dogs (  ) .  Each p o i n t  r e p r e s e n t s
X + SEM, n = 7- Arrow signifies time of
injection. Means are statistically different
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F i g .  2 T o t a l  l e u k o c y te  coun ts  i n  c o n t r o l  ( ----- ) and
t u r p e n t i n e - i n j e c t e d  dogs ( ----- ) .  Each p o i n t
represents IT + SEM, n = 7. Arrow signifies time
of injection. Means are statistically different






















P ig .  3 Blood n e u t r o p h i l  coun ts  i n  c o n t r o l  (-----) and
t u r p e n t i n e - i n j e c t e d  dogs (  ) .  Each p o i n t
r e p r e s e n t s  X + SEM, n = 7. Arrow s i g n i f i e s  t im e 
o f  i n j e c t i o n .  Means a r e  s t a t i s t i c a l l y  d i f f e r e n t  








P ig .  4 C i r c u l a t i n g  band n e u t r o p h i l  coun ts  i n
turpentine-injected dogs ( ). Each point
represents T + SEM, n = 7* Arrow signifies time
of injection. Means are statistically different





P ig .  5 A) Normal c a n in e  n e u t r o p h i l  (6 4 0 x ) .  B) Canine 
t o x i c  n e u t r o p h i l  w i th  foamy v a c u o l a t i o n  of th e  
c y to p la sm  and Dohle b o d ie s  (6 4 0 x ) .  C) Canine 
t o x i c  n e u t r o p h i l  w i th  i n c r e a s e d  c y to p la s m ic  






P ig .  6 C i r c u l a t i n g  t o x i c  n e u t r o p h i l  c o u n ts  i n  t u r p e n t i n e
i n j e c t e d  dogs ( ----- ) .  Each p o i n t  r e p r e s e n t s  x  +
SEM, n = 7. Arrow signifies time of injection.
Means are statistically different (P< .01) from 8
hours to day 4 post-injection.
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8 h o u rs  and remained below c o n t r o l  l e v e l s  th ro u g h  day 9 (F ig .
7 ) .  E o s in o p e n ia  began a t  16 hours  and p e r s i s t e d  th ro u g h  day 
5 ( F ig .  8 ) .  A m i ld  m o nocy tos is  occu red  a t  8 and 16 ho u rs  
a f t e r  i n j e c t i o n ,  b u t  r e g r e s s e d  to  b a s e l i n e  by 24 h o u r s  ( F ig .  
9 ) .  A seco n d ,  more pronounced  m onocy tos is  began on day 2,  
peaked a t  a mean v a lu e  o f  4 6 0 0 /p l  on day 3, and d e c l in e d  
g r a d u a l l y  t o  p r e - i n j e c t i o n  l e v e l s  by day 7.
A m ild  b u t  s t a t i s t i c a l l y  s i g n i f i c a n t  d e c r e a s e  i n  packed 
c e l l  volume o c c u r r e d  i n  t h e  t e s t  dogs .  Average PCV v a l u e s  
d e c l i n e d  from a p r e - i n j e c t i o n  l e v e l  o f  42 .6#  t o  38 .6#  by day 
9. Comparable changes i n  t o t a l  p lasm a p r o t e i n  c o n c e n t r a t i o n  
d id  n o t  o c c u r .
M y e l o i d : e r y t h r o i d  r a t i o s  of  p r e - i n j e c t i o n  bone marrow 
samples  from c o n t r o l  and t e s t  an im a ls  were n o t  s i g n i f i c a n t l y  
d i f f e r e n t  (Y = 1 . 4 : 1  and 1 . 2 : 1  r e s p e c t i v e l y )  (F ig .  1 0 ) .
The m yelo id  c e l l  s e r i e s  of c o n t r o l  and p r e - i n j e c t i o n  bone 
marrow samples  c o n t a in e d  an a v e ra g e  o f  88 .4#  p o s t - m i t o t i c  
n e u t r o p h i l s  (m e ta m y e lo c y te s ,  bands ,  and segmented 
n e u t r o p h i l s )  and 1 1 .6 #  m i t o t i c  g r a n u l o c y t e s  ( m y e l o b l a s t s ,  
p r o g r a n u l o c y t e s ,  and m y e lo c y te s )  ( F ig .  1 1 ) .
At 24 h o u rs  p o s t - i n j e c t i o n  w i th  t u r p e n t i n e ,  th e  M:E 
r a t i o  had n o t  changed. However, t h e  s t o r a g e  compartment 
(bands  and segmented n e u t r o p h i l s )  was d e p l e t e d  and th e  
m i t o t i c  p o o l  had i n c r e a s e d  (TC = 2 7 . 6 # ) .  M i t o t i c  f i g u r e s  in  
m y e lo cy te s  were numerous ( F ig .  1 2 ) .  S e v e r a l  m y e l o b l a s t s  and 
p r o g r a n u l o c y t e s  had i r r e g u l a r  (m onocyto id)  n u c l e i ,  s u g g e s t i n g  
p r e m a tu re  l o b u l a t i o n  o r  n u c l e a r  b l e b b in g  ( F ig .  1 3 ) •  A few
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DAYS
F i g .  7 Blood lymphocyte  co u n ts  i n  c o n t r o l  (-----) and
t u r p e n t i n e - i n j e c t e d  dogs (  ) .  Each p o i n t
r e p r e s e n t s  T  + SEM, n = 7. Arrow s i g n i f i e s  t im e 
of  i n j e c t i o n .  With t h e  e x c e p t i o n s  of  days  2 ,  3, and 
7,  means were s t a t i s t i c a l l y  d i f f e r e n t  (P< .05)  f rom  8 
hou rs  to  day 9 p o s t - i n j e c t i o n .
Blood e o s i n o p h i l  coun ts  in  c o n t r o l  (----- ) and
t u r p e n t i n e - i n j e c t e d  dogs ( ----- ) .  Each p o i n t
r e p r e s e n t s  X + SEM, n = 7« Arrow s i g n i f i e s  t ime 
of  i n j e c t i o n .  Means i n  t u r p e n t i n e - i n j e c t e d  dogs 
were s i g n i f i c a n t l y  l e s s  th a n  c o n t r o l  (P< .05)  f rom  16 






t — r ~ * 1
DAYS
P ig .  9 Blood monocyte coun ts  i n  c o n t r o l  (---- ) and
t u r p e n t i n e - i n j e c t e d  dogs ( -----) .  Each p o i n t
represents X + SEM, n = 7. Arrow signifies time
of injection. Means were statistically different
(P<.01) from day 2 to day 6 post-injection.
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TIME (DAYS)
P ig .  10 M y e l o i d : e r y t h r o i d  r a t i o s  from c o n t r o l  ( -----) and
t u r p e n t i n e - i n j e c t e d  dogs ( — ).  P o i n t s  r e p r e s e n t  
X + SEM, n = 4. Arrow s i g n i f i e s  t im e  of 
i n j e c t i o n .  Means a r e  s t a t i s t i c a l l y  d i f f e r e n t  




P ig .  11 M i t o t i c  p o o l  as  a  p e r c e n t a g e  of  t o t a l  m ye lo id  mass
i n  c o n t r o l  ( -----) and t u r p e n t i n e - i n j e c t e d  dogs ( ------ ) .
P o i n t s  r e p r e s e n t  X  + SEM, n = 4. Arrow s i g n i f i e s  
t im e of  i n j e c t i o n .  Means a r e  s t a t i s t i c a l l y  
d i f f e r e n t  (P< .01)  on days 1 ,  2 ,  and 3 p o s t ­
i n j e c t i o n .
F ig .  12 Two g r a n u l o c y t e  p r e c u r s o r s  u n d e rg o in g  m i t o s i s  
(3 2 0 x ) .
P ig .  13 Two p r o g r a n u l o c y t e s  w i th  monocytoid  n u c l e i  and 
d i s t i n c t ,  c l e a r ,  c y to p la s m ic  v a c u o le s  (640x) .
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n e u t r o p h i l s  had dou g h n u t- sh ap ed  n u c l e i .  D i s t i n c t ,  c l e a r ,  
c i r c u l a r ,  i r i t r a c y t o p l a s m i c  v a c u o le s  were p r e s e n t  i n  
m y e l o b l a s t s  and p r o g r a n u l o c y t e s  (P ig .  1 4 ) .  I n c r e a s e d  c y to ­
p la s m ic  b a s o p h i l i a  and foam iness  were n o te d  in  m y e lo c y te s ,  
b u t  were more p ro m in en t  i n  more m ature  c e l l s  ( P ig .  1 5 ) .
By day 2 ,  g r a n u l o c y t i c  h y p e r p l a s i a  was o b v io u s ;  th e  M:E 
r a t i o  a v e ra g ed  2 1 . 1 : 1 .  The av e ra g e  p e r c e n ta g e  of  n e u t r o p h i l s  
i n  th e  m i t o t i c  p o o l  had i n c r e a s e d  to  34.0% and m i t o t i c  
f i g u r e s  were numerous.  M orphologic  changes in  n e u t r o p h i l  
p r e c u r s o r s  were s i m i l a r  to  day 1, ex c e p t  t h a t  round ,  c l e a r ,  
d i s t i n c t  c y to p la s m ic  v a c u o le s  were a l s o  obse rved  in  
m y e lo cy te s  and m e tam y e lo cy te s  ( P ig .  16 ) .
On day 3 ,  M:E r a t i o s  remained h ig h  (X = 2 0 . 0 : 1 ) ,  bu t  
th e  p e r c e n t a g e  of  c e l l s  i n  th e  m i t o t i c  poo l  had d e c l i n e d  
(TT = 2 1 .2 $ ) .  C y to p la sm ic  v a c u o l a t i o n  was l e s s  p rom inen t  
and was seen  m ain ly  i n  m ye locy tes  and m e ta m y e lo c y te s .  The 
numbers o f  t o x i c  n e u t r o p h i l s  and e a r l y  p r e c u r s o r s  w i th  
monocyto id  n u c l e i  were d e c r e a s e d .
On day 4 ,  g r a n u l o c y t i c  h y p e r p l a s i a  was s t i l l  p ronounced ,  
b u t  th e  p e r c e n t a g e  of  c e l l s  i n  th e  m i t o t i c  poo l  had r e tu r n e d  
t o  b a s e l i n e  (y  = 14 .9% ).  M orphologic  a b n o r m a l i t i e s  of  th e  
g r a n u l o c y t i c  s e r i e s  were m in im al .
M:E r a t i o s  were a p p ro a c h in g  c o n t r o l  v a lu e s  by day 9.
The p e r c e n t a g e  of  n e u t r o p h i l s  i n  t h e  m i t o t i c  p o o l  and n e u t r o ­
p h i l  morphology were s i m i l a r  t o  c o n t r o l  dogs .
Changes i n  M:E r a t i o s ,  p e r c e n t a g e  of  c e l l s  i n  t h e  
m i t o t i c  p o o l ,  and n e u t r o p h i l  morphology i n  c o n t r o l  bone
P ig .  14 S e v e r a l  p r o g r a n u l o c y t e s  w i th  d i s t i n c t ,  c l e a r ,  
c y to p la s m ic  v a c u o l e s  (320x) .
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P ig .  15 Mature t o x i c  n e u t r o p h i l s  w i th  i n c r e a s e d  b a s o p h i l i a  
and foamy v a c u o l a t i o n  i n  t h e  bone marrow 24 ho u rs  
p o s t - i n j e c t i o n  (3 2 0 x ) .
P ig .  16 D i s t i n c t  c y to p la s m ic  v a c u o l a t i o n  from th e
p r o g r a n u l o c y t e  th ro u g h  band n e u t r o p h i l  s t a g e  
(320x) .
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marrow samples  were n o t  s i g n i f i c a n t .
D i s c u s s io n
I n t e n s i t y  o f  c l i n i c a l  s ig n s  p a r a l l e l e d  changes i n  r e c t a l  
t e m p e r a t u r e ,  n e u t r o p h i l  c o u n t ,  t o t a l  l e u k o c y te  c o u n t ,  and 
number o f  t o x i c  n e u t r o p h i l s .  Body t e m p e r a tu r e s  were 
s i g n i f i c a n t l y  e l e v a t e d  by 24 hours  and peaked on day 2. 
C l i n i c a l  s i g n s  were most s e v e r e  on days 2 and 3 .  By day 7, 
r e c t a l  t e m p e r a tu r e s  were normal and c l i n i c a l  s i g n s  had 
a b a t e d .  There  was a s t r o n g  c o r r e l a t i o n  between n e u t r o p h i l  
and t o t a l  l e u k o c y te  numbers th ro u g h o u t  t h i s  ex p e r im en t  
( P < .0 1 ) .  Both v a r i a b l e s  r eac h ed  a s t a b l e  maximum between 8 
h o u rs  and day 5, and d e c l i n e d  to  b a s e l i n e  by day 7» The 
number of  t o x i c  n e u t r o p h i l s  p a r a l l e l e d  body t e m p e r a tu r e  and 
was u n r e l a t e d  to  th e  number of  band n e u t r o p h i l s .  M orphologic  
a p p e a ra n c e  o f  t o x i c  n e u t r o p h i l s  was s i m i l a r  to  n e u t r o p h i l s  
seen  c l i n i c a l l y  i n  dogs w i th  s e v e r e  in f lam m ato ry  or  
i n f e c t i o u s  p r o c e s s e s . 51
The r e l a t i v e  change i n  m i t o t i c  and p o s t - m i t o t i c  
compartments  on day 1 i n d i c a t e s  t h a t  n e u t r o p h i l i a  d u r in g  th e  
f i r s t  24 h o u r s  was due to  r e l e a s e  of  n e u t r o p h i l s  from th e  
s t o r a g e  p o o l .  C r o n k i t e  r e p o r t e d  a 6-7 f o l d  i n c r e a s e  in  
n e u t r o p h i l  r e l e a s e  from bone marrow 7 h o u rs  a f t e r  i n d u c t i o n  
o f  s t e r i l e  i n f l a m m a t i o n . 22 Band n e u t r o p h i l s  peaked 8 
h o u rs  a f t e r  t o t a l  n e u t r o p h i l s  reac h e d  maximum and d e c l i n e d  
r a p i d l y  th ro u g h  day 3 .  Marrow r e l e a s e  of  n e u t r o p h i l s  i s  
a g e - r e l a t e d ;  m a tu re  c e l l s  a r e  r e l e a s e d  p r e f e r e n t i a l l y  i n
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r e s p o n s e  t o  demand.^7 When th e  r e s e r v e  of  m ature  n e u t r o ­
p h i l s  i s  d e p l e t e d ,  band c e l l s  a r e  r e l e a s e d .  As g r a n u l o c y t i c  
h y p e r p l a s i a  r e p l e n i s h e s  th e  s t o r a g e  p o o l ,  t h e  r e l e a s e  of 
m a tu re  c e l l s  p r e c l u d e s  e n t r y  of  bands i n t o  c i r c u l a t i o n  and 
t h e  l e f t  s h i f t  s u b s i d e s .
Bone marrow samples  from 24 h o u rs  p o s t - i n j e c t i o n  
r e v e a l e d  i n c r e a s e d  numbers of m y e lo b la s t s  and p r o g r a n u l o ­
c y t e s ,  and b r i s k  m i t o t i c  a c t i v i t y  a t  th e  m ye locy te  s t a g e .  
C r o n k i t e  o b se rv ed  i n c r e a s e d  t r i t i a t e d  th y m id in e  u p ta k e  and 
m i t o t i c  r a t e  i n  g r a n u l o c y t e  p r e c u r s o r s  w i t h i n  ho u rs  a f t e r  
i n d u c t i o n  o f  t u r p e n t i n e - i n d u c e d  m e t r i t i s  i n  d o g s . 22 
conc luded  t h a t  t h e  g r a n u l o c y t e  r e s p o n s e  was a m p l i f i e d  by:
1) a d d i t i o n  of  committed stem c e l l s  to  g r a n u l o p o i e s i s ,
2) i n c r e a s e d  m i t o t i c  a c t i v i t y  p r i m a r i l y  a t  t h e  m y e locy te  
s t a g e ,  and 3) a c c e l e r a t e d  m a t u r a t i o n  of p o s t - m i t o t i c  n e u t r o ­
p h i l s .
E n la rgem en t  of  t h e  m i t o t i c  p o o l  d id  n o t  p roduce  an 
i n c r e a s e  i n  M:E r a t i o  a t  24 h o u rs  because  of c o n c u r r e n t  
s t o r a g e  poo l  d e p l e t i o n .  D i f f e r e n t i a t i o n  of  th e  m i t o t i c  pool  
w i th  r e p o p u l a t i o n  of  t h e  p o s t - m i t o t i c  p oo l  p roduced  i n t e n s e  
g r a n u l o c y t i c  h y p e r p l a s i a  and h ig h  M:E r a t i o s  on days 2 -4 .
The i n i t i a l  m o n o c y to s i s ,  a lo n g  w i th  p e r s i s t e n t  e o s i n o -  
p e n i a  and lymphopenia  i s  l i k e l y  due to  endogenous 
g l u c o c o r t i c o i d  r e l e a s e .  The second m o n o c y to s is  (days  2 -6 )  i s  
p ro b a b ly  in f la m m ato ry  i n  o r i g i n .  Due to  m inimal s t o r a g e  of 
monocytes i n  t h e  bone marrow, t h e  m o nocy tos is  of  i n f l a m m a t io n  
i s  due to  enhanced m o n o c y t o p o i e s i s .128 on days 2 and
3, p r o g r a n u l o c y t e s  w i th  i r r e g u l a r ,  monocyto id  n u c l e i  were 
o b s e rv e d ,  s u g g e s t i n g  i n t e n s i f i e d  m o n o c y to p o ie s i s .
S e q u e n t i a l  leukogram s in  t u r p e n t i n e - i n j e c t e d  dogs 
i n d i c a t e  t h a t  t h e  i n c r e a s e d  M:E r a t i o  was due to  g r a n u l o c y t i c  
a c t i v i t y .  The m i ld ,  b u t  s t a t i s t i c a l l y  s i g n i f i c a n t  d e c re a s e  
i n  packed c e l l  volume s u g g e s t s  t h a t  d e c re a s e d  e r y t h r o i d  
a c t i v i t y  may p lay  a minor r o l e .
CHAPTER I I I
U l t r a s t r u c t u r e  of  Canine Tox ic  N e u t r o p h i l s  
i n  Blood and Bone Marrow
I n t r o d u c t i o n
Toxic n e u t r o p h i l s  a r e  f r e q u e n t l y  seen  on W r ig h t ’ s-Giemsa 
s t a i n e d  b lood  smears o f  an im a ls  and p eo p le  w i th  s e v e re  
b a c t e r i a l  i n f e c t i o n s  o r  o t h e r  in f lam m ato ry  d i s o r d e r s .
F e a t u r e s  o f  t o x i c  n e u t r o p h i l s  i n c l u d e  b a s o p h i l i a  and 
v a c u o l a t i o n  o f  th e  cy to p la sm ,  b l u e - g r a y ,  amorphous, i n t r a -  
c y t o p la s m ic  i n c l u s i o n s  o r  Dohle b o d i e s ,  and p rom inen t  
c y to p la s m ic  g r a n u l e s .  McCall d e s c r i b e d  th e  u l t r a s t r u c t u r e  of 
human t o x i c  n e u t r o p h i l s .50 Dohle b o d ie s  co r re sp o n d ed  
to  l a m e l l a r  a g g r e g a t e s  of  rough endop lasm ic  r e t i c u l u m .  Cyto­
p la s m ic  v a c u o le s  were e l e c t r o n - l u c e n t ,  membrane bound 
s t r u c t u r e s .  G ran u les  i n  t o x i c  n e u t r o p h i l s  were a z u r o p h i l i c  
g r a n u l e s  which were v i s i b l e  b ecause  of  i n c r e a s e d  s t a i n  
a f f i n i t y .  The u l t r a s t r u c t u r e  of t o x i c  n e u t r o p h i l s  i n  th e  dog 
has  n o t  been d e s c r i b e d .  F u r th e rm o re ,  e l e c t r o n  m ic ro s c o p ic  
s t u d i e s  o f  g r a n u l o p o i e s i s  i n  an im a ls  w i th  c i r c u l a t i n g  t o x i c  
n e u t r o p h i l s  have  no t  been r e p o r t e d .
The p u rp o se  of t h i s  s tu d y  was to  d e s c r i b e  th e  u l t r a ­
s t r u c t u r e  o f :  1) normal c a n in e  n e u t r o p h i l s ,  2) g r a n u l o ­
p o i e s i s  i n  th e  normal dog, 3) c a n in e  t o x i c  n e u t r o p h i l s ,  and 
4) g r a n u l o p o i e s i s  in  dogs w i th  c i r c u l a t i n g  t o x i c  n e u t r o p h i l s .
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I n t r a m u s c u l a r  t u r p e n t i n e  I n j e c t i o n  i s  a p r e d i c t a b l e  
model f o r  a c u t e  in f la m m a t io n  and g e n e r a t i o n  of  t o x i c  
n e u t r o p h i l s  ( s e e  C h a p te r  I I ) .  I n  t h e  p r e s e n t  s t u d y ,  th e  
u l t r a s t r u c t u r e  of  b lood  n e u t r o p h i l s  and n e u t r o p h i l  p r e c u r s o r s  
i n  t h e  bone marrow was compared i n  c o n t r o l  and 
t u r p e n t i n e - i n j e c t e d  dogs.
M a t e r i a l s  and Methods
E i g h t  mongrel  dogs were v a c c i n a t e d , a t r e a t e d  f o r  
i n t e s t i n a l  p a r a s i t e s , b and p r e c o n d i t i o n e d  f o r  two weeks.
Pour dogs (2 m a le ,  2 f e m a le )  were i n j e c t e d  i n t r a m u s c u l a r l y  
w i th  1 .0  ml t u r p e n t i n e 0 i n  th e  l e f t  g l u t e a l  r e g i o n .  Pour 
c o n t r o l  dogs (2 m a le ,  2 f e m a le )  were i n j e c t e d  s i m i l a r l y  w i th  
1 .0  ml s t e r i l e  0 . 9 % s a l i n e  s o l u t i o n .
H em ato log ic  and bone marrow re s p o n s e s  of t h i s  e x p e r i ­
m e n ta l  model,  a lo n g  w i th  t h e  c l i n i c a l  c o u r se  have been 
d e s c r i b e d  i n  C h a p te r  I I .
Blood and bone marrow samples  were c o l l e c t e d  p r i o r  to  
i n j e c t i o n  and 24 h o u rs  a f t e r  i n j e c t i o n .  Blood f o r  t r a n s ­
m is s io n  e l e c t r o n  m ic roscopy  was c o l l e c t e d  i n  p o ta s s iu m  EDTAd 
and m a in t a in e d  a t  4 C th r o u g h o u t  f i x a t i o n .  Two p a r t s  b lood  
were added p rom ptly  to  one p a r t  6 %  d e x t r a n e i n  0 . 9 %  s a l i n e .  
A f t e r  s e d i m e n t a t i o n  f o r  10 m in u t e s ,  l e u k o c y te  r i c h  plasma was
aVanguard DA2?L + B o r d e t e l l a .  Nordon L a b o r a t o r i e s ,  
L in c o l n ,  NE. 
bS t r o n g i d  T, P f i z e r ,  I n c . ,  New York, NY. 
cMedi-Kay P h a r m a c e n t i c a l  C o . ,  B r o o k f i e l d ,  MO. 
^ V a c u t a i n e r ,  B e c to n - D ic k in s o n ,  R u t h e r f o r d ,  NJ. 
e l 0 0 ,0 0 0 -2 0 0 ,0 0 0  MW, Sigma Chemical  C o . ,  S t .  L o u i s ,  M0.
h a r v e s t e d  and d i s p e r s e d  i n  2.5% g l u t a r a l d e h y d e  in  0 .1  M 
c a c o d y la t e  b u f f e r .  One hour  of f i x a t i o n  was fo l lo w e d  by 
c e n t r i f u g a t i o n  a t  400 g f o r  5 m in u t e s .  The s u p e r n a t a n t  was 
d i s c a r d e d  and th e  c e l l u l a r  b u t t o n  r e su sp e n d ed  i n  two drops of  
c a n in e  p lasm a.  G lu ta r a ld e h y d e  (2.5% i n  0 .1  M c a c o d y la t e  
b u f f e r )  was l a y e r e d  o v e r  t h e  specimen and l e f t  f o r  f i f t e e n  
m i n u t e s .
Bone marrow samples  were a s p i r a t e d  from th e  humerus or  
i l i u m  u s in g  an 18 gauge R o s e n th a l  n e e d l e .  A s p i r a t e d  marrow 
was p la c e d  on a g l a s s  s l i d e ,  a l low ed  to  c l o t ,  t r a n s f e r r e d  to  
2.5% g l u t a r a l d e h y d e  i n  0 .1  M c a c o d y la t e  b u f f e r ,  and f i x e d  f o r  
one h o u r  a t  4 C.
A f t e r  f i x a t i o n ,  bone marrow and b lood  specim ens were 
washed i n  5% s u c r o s e  i n  0 .1  M c a c o d y l a t e ,  p o s t - f i x e d  w i t h  1% 
osmium t e t r o x i d e  i n  0 .1  M c a c o d y l a t e  b u f f e r ,  and d e h y d ra te d  
th ro u g h  an a s c e n d in g  a l c o h o l  s e r i e s  (50-100%). P r o c e s s i n g  
th ro u g h  i n c r e a s i n g  c o n c e n t r a t i o n s  of p ro p y le n e  ox ide  
(25-100%) was fo l lo w e d  by i n f i l t r a t i o n  and embedding i n  Epon 
8 1 2 . f  Th in  s e c t i o n s  were cu t  on an u l t r a m i c r o t o m e , S  
p la c e d  on 300 mesh g r i d s ,  s t a i n e d  w i th  u r a n y l  a c e t a t e  and 
l e a d  c i t r a t e ,  and examined on an e l e c t r o n  m i c r o s c o p e .h
R e s u l t s
G r a n u lo p o i e s i s  i s  d iv i d e d  i n t o  s i x  s t a g e s  a t  t h e  l i g h t
^ E r n e s t  P. F u l lam ,  I n c . ,  S c h e n e c ta d y ,  NY.
S s o r v a l l  MT 2B, Iv an  S o r v a l l ,  I n c . ,  Norwalk, CT. 
h Z e is s  EM 1 0 ,  C a r l  Z e i s s ,  I n c . ,  New York, NY.
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m ic ro s c o p ic  l e v e l :  m y e l o b l a s t ,  p r o g r a n u l o c y t e ,  m y e lo c y te ,
m e tam y e lo cy te ,  band and segmented n e u t r o p h i l s .  These s t a g e s  
can n o t  be d i s t i n g u i s h e d  c l e a r l y  by t r a n s m i s s i o n  e l e c t r o n  
m ic ro sco p y .  C o n s e q u e n t ly ,  f o r  u l t r a s t r u c t u r a l  s t u d i e s ,  
n e u t r o p h i l  m a t u r a t i o n  i s  g e n e r a l l y  d iv id e d  i n t o  t h r e e  s t a g e s :  
e a r l y ,  i n t e r m e d i a t e ,  and l a t e  neutrophils.33
The u l t r a s t r u c t u r e  of  ca n in e  n e u t r o p h i l  p r e c u r s o r s  was 
s i m i l a r  to  d e s c r i p t i o n s  i n  man.33 E a r ly  n e u t r o p h i l s  
( m y e lo b l a s t s  and p ro m y e lo c y te s )  i n  c o n t r o l  dogs had o v a l  
n u c l e i ,  which were sometimes s l i g h t l y  in d e n te d  n e a r  th e  G o lg i  
( F i g .  1 ) .  N u c l e o l i  were p ro m in en t  and eu ch ro m at in  
p re d o m in a te d .  The c y to p la sm  c o n t a in e d  s e v e r a l  l a r g e  
m i t o c h o n d r i a ,  abundan t  rough en dop lasm ic  r e t i c u l u m ,  numerous 
p o ly r ib o so m e s  and a few l a r g e ,  o v a l ,  g r a n u l e s  w i th  a 
m o d e ra te ly  dense ,  homogeneous m a t r i x  which was v a r i a b l y  
e x t r a c t e d .  These g r a n u l e s  were an a lo g o u s  to  a z u r o p h i l i c  o r  
p r im ary  g r a n u l e s .  A c t i v i t y  of t h e  G o lg i ,  amount of rough 
endop lasm ic  r e t i c u l u m ,  and number o f  c y to p la s m ic  g r a n u le s  
i n c r e a s e d  w i th  m a t u r i t y  of  th e  c e l l .
N u c le i  o f  i n t e r m e d i a t e  n e u t r o p h i l s  (m y e lo c y te s  and 
m e ta m y e lo c y te s )  were e l o n g a t e d  and in d e n te d  ( F ig .  2 ) .  The 
c h ro m a t in  was condensed  c e n t r a l l y  a round  an i n d i s t i n c t
n u c l e o l u s  and a lo n g  t h e  i n n e r  s u r f a c e  of th e  n u c l e a r
membrane. M i to c h o n d r ia  were s m a l l e r  and l e s s  numerous.  The
G olg i  was a c t i v e ;  p o ly r ib o s o m e s  and rough end o p la sm ic  
r e t i c u l u m  were a b u n d a n t .  A z u r o p h i l i c  g r a n u l e s ,  o b se rv ed  
f i r s t  i n  e a r l y  n e u t r o p h i l s ,  were d e c r e a s e d  i n  number.  S m a l l ,
P ig .  1 Normal e a r l y  n e u t r o p h i l  ( 1 0 ,0 0 0 x ) .
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m .
P ig .  2 A) Normal i n t e r m e d i a t e  n e u t r o p h i l  (m yelocy te )  
( 1 0 ,0 0 0 x ) .  B) Normal i n t e r m e d i a t e  n e u t r o p h i l  
(m e tam ye locy te )  ( 1 2 ,0 0 0 x ) .
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o v a l  o r  o b lo n g ,  d e n s e ,  s p e c i f i c  g r a n u l e s ,  many w i th  a 
c r y s t a l l i n e  i n n e r  s t r u c t u r e ,  i n c r e a s e d  as t h e  i n t e r m e d i a t e  
n e u t r o p h i l s  m a tu red .
L a te  n e u t r o p h i l s  (bands  and segmented n e u t r o p h i l s )  had 
e l o n g a t e d ,  l o b u l a t e d  n u c l e i  w i th  pronounced c o n d e n s a t io n  and 
m a r g i n a t i o n  o f  c h ro m a t in  ( F ig .  3)» N u c l e o l i  were no lo n g e r  
d i s c e r n i b l e .  M i to c h o n d r i a ,  p o ly r ib o s o m e s ,  and rough endo­
p la s m ic  r e t i c u l u m  were s p a r s e  and th e  G o lg i  was a t r o p h i c .  
O val ,  o b lo n g ,  and d u m b b e l l - sh ap e d  s p e c i f i c  g r a n u le s  were 
abundan t  and only  a few l a r g e  a z u r o p h i l i c  g r a n u le s  rem ained .  
O th e rw is e ,  th e  cy to p la s m  was dense and g r a n u l a r .
Blood n e u t r o p h i l s  were s i m i l a r  i n  s t r u c t u r e  to  l a t e  
n e u t r o p h i l s  o b se rv ed  i n  t h e  bone marrow. N u c le i  were 
l o b u l a t e d ,  w i th  a p redom inance  of  m a rg in a te d  h e t e r o c h r o m a t i n .  
The c y to p la sm  c o n t a in e d  numerous s p e c i f i c  g r a n u le s  and a few 
a z u r o p h i l i c  g r a n u le s  i n  a f i n e l y  g r a n u l a r  background (F ig .
4 ) .
U l t r a s t r u c t u r a l  e x a m in a t io n  of  c i r c u l a t i n g  n e u t r o p h i l s  
from t u r p e n t i n e - i n j e c t e d  dogs r e v e a l e d  i r r e g u l a r ,  v a r i a b l e  
s i z e d ,  e l e c t r o n - l u c e n t  a r e a s  i n  t h e  cy to p la sm .  These a r e a s  
were n o t  membrane bound b u t  some had rem nants  of a l i m i t i n g  
membrane ( F ig .  5 and 6 ) .  S e v e r a l  l u c e n t  a r e a s  were 
p e r i n u c l e a r  and a s s o c i a t e d  w i th  b re a k s  i n  t h e  p e r i n u c l e a r  
membrane. Dense m y e l in  f i g u r e s  were o b se rv ed  i n  l u c e n t  
a r e a s ,  b o th  p e r i n u c l e a r  and c y t o p l a s m i c .  O th e rw ise  t h e s e  
a r e a s  were f r e e  of  o r g a n e l l e s .  P o ly r ib o s o m e s ,  m i t o c h o n d r i a ,  
and segments  of rough en d o p la sm ic  r e t i c u l u m  were i n c r e a s e d ,
P ig .  3 Normal l a t e  n e u t r o p h i l  ( 8 ,0 0 0 x ) .
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P ig .  A Normal segmented n e u t r o p h i l  from b lood  (1 3 ,0 0 0 x ) .
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F ig .  5 A) C i r c u l a t i n g  segmented n e u t r o p h i l  w i th  m ild  t o x i c  
change.  Amount of rough endop lasm ic  r e t i c u lu m  i s  
i n c r e a s e d  and t h e r e  a r e  many e l e c t r o n - l u c e n t  a r e a s  
w i t h i n  t h e  cy to p la sm  ( l 6 , 0 0 0 x ) .  B) E n largem ent  of 
5a w i th  membrane remnants  b o a r d e r i n g  s e v e r a l  
e l e c t r o n - l u c e n t  a r e a s  and a few e l e c t r o n - l u c e n t  a r e a s  
which a r e  c o n f l u e n t  w i th  a d i s r u p t e d  p e r i n u c l e a r  
membrane ( 3 2 ,0 0 0 x ) .
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F ig .  6 C i r c u l a t i n g  segmented  n e u t r o p h i l  w i th  s e v e r e  t o x i c  
change .  M i to c h o n d r ia  a r e  numerous.  M yelin  f i g u r e s  
a r e  p r e s e n t  w i t h i n  l a r g e  e l e c t r o n - l u c e n t  a r e a s ;  one 
a r e a  i s  c o n f l u e n t  w i th  p e r i n u c l e a r  membrane 
( 1 2 , OOOx).
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when compared to  normal n e u t r o p h i l s .  I n  s e v e r e l y  a f f e c t e d  
n e u t r o p h i l s ,  th e  number of ly so so m a l  g r a n u le s  and t h e i r  
e l e c t r o n  d e n s i t y  were d im in i s h e d .
U l t r a s t r u c t u r a l  e v a l u a t i o n  of e a r l y  and i n t e r m e d i a t e  
n e u t r o p h i l s  i n  bone marrow from t u r p e n t i n e - i n j e c t e d  dogs 
r e v e a l e d  d i l a t i o n  and f r a g m e n ta to n  of rough en d o p la sm ic  
r e t i c u l u m  a s s o c i a t e d  w i th  l a r g e ,  amorphous, e l e c t r o n - l u c e n t  
a r e a s  i n  th e  c y to p la s m .  Some of t h e s e  a r e a s  were c o n f l u e n t  
w i th  b re a k s  i n  t h e  p e r i n u c l e a r  membrane (F ig .  7 and 8 ) .  
M yelin  f i g u r e s  n o te d  w i t h i n  l u c e n t  a r e a s  were s i m i l a r  t o  
t h o s e  seen  i n  c i r c u l a t i n g  b lood  n e u t r o p h i l s .  L ip id  d r o p l e t s  
were o b se rv ed  o c c a s i o n a l l y  i n  th e  cy to p lasm  ( F i g .  9)»
D is c u s s io n
L i g h t  m ic ro s c o p ic  changes i n  b lood n e u t r o p h i l s  of 
t u r p e n t i n e - i n j e c t e d  dogs a r e  s i m i l a r  to  th o s e  o b se rv ed  
c l i n i c a l l y  i n  dogs w i th  s e v e r e  in f lam m ato ry  p r o c e s s e s  ( s e e  
C h a p te r  I I ) .  C y to p la sm ic  f e a t u r e s  of ca n in e  t o x i c  
n e u t r o p h i l s  i n c l u d e  i n c r e a s e d  b a s o p h i l i a ,  foamy v a c u o l a t i o n ,  
and th e  o c c a s i o n a l  Dohle body. Toxic  n e u t r o p h i l s  i n  man 
a r e  c h a r a c t e r i z e d  by Dohle b o d ie s  and p ro m in en t  c y to p la s m ic  
g r a n u l a t i o n  a lo n g  w i th  c y t o p la s m ic  b a s o p h i l i a  and m ild  
v a c u o l a t i o n . 50
U l t r a s t r u c t u r a l l y , c a n in e  t o x i c  n e u t r o p h i l s  have 
i n c r e a s e d  amounts of rough end o p la sm ic  r e t i c u l u m ,  b u t  
l a m e l l a r  a g g r e g a t e s  c o r r e s p o n d in g  to  Dohle b o d ie s  were no t  
o b s e rv e d .  V acuo les  i n  human t o x i c  n e u t r o p h i l s  a r e
59
P ig .  7 E a r ly  g r a n u l o c y t e  p r e c u r s o r  w i th  d i l a t e d  rough 
endop lasm ic  r e t i c u l u m  ( 1 0 ,0 0 0 x ) .
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P i g .  8 E a r ly  g r a n u l o c y t e  p r e c u r s o r  w i th  d i s r u p t e d  segments 
o f  rough endop lasm ic  r e t i c u l u m . a s s o c i a t e d  w i th  
e l e c t r o n - l u c e n t  a r e a s  i n  t h e  cy to p la sm .  A few l u c e n t  
a r e a s  a r e  c o n f l u e n t  w i th  b re a k s  i n  t h e  p e r i n u c l e a r  
membrane.
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P ig .  9 I n t e r m e d i a t e  n e u t r o p h i l  w i th  two l i p i d  d r o p l e t s  
( 2 2 ,0 0 0 x ) .
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e l e c t r o n - l u c e n t  and membrane bound.50 j n dogs ,  v a c u o l a t i o n  
o f  th e  cy to p lasm  i s  due to  i r r e g u l a r ,  e l e c t r o n - l u c e n t  a r e a s  
which a r e  n o t  membrane bound. These may be due to  i n c r e a s e d  
f l u i d  i n  th e  c e l l  s a p .  However, th e  p r e s e n c e  of a few 
membrane remnants  and m ye l in  f i g u r e s  w i t h i n  l u c e n t  a r e a s  
s u g g e s t s  t h a t  some of t h e s e  a r e a s  were o r i g i n a l l y  membrane 
bound. The d e c r e a s e  i n  number and e l e c t r o n - d e n s i t y  of 
g r a n u l e s  i n  t o x i c  n e u t r o p h i l s  may be due to  d e c re a s e d  
p r o d u c t i o n  o r  g r a n u l e  r u p t u r e .  G ranu le  r u p t u r e  and 
a u t o d i g e s t i o n  cou ld  be an a l t e r n a t e  e x p l a n a t i o n  f o r  th e  
p r e s e n c e  of  e l e c t r o n - l u c e n t  a r e a s .  I n c r e a s e d  b a s o p h i l i a  of 
th e  cy to p la sm  in  ca n in e  t o x i c  n e u t r o p h i l s  i s  l i k e l y  due t o  
t h e  p e r s i s t e n c e  of  rough endop lasm ic  r e t i c u l u m  and 
p o ly r ib o s o m e s .  These s t r u c t u r e s  a r e  e s s e n t i a l l y  a b s e n t  i n  
normal n e u t r o p h i l s .
I n  t h e  bone marrow, c l e a r ,  round ,  d i s t i n c t  cy to p la s m ic  
v a c u o le s  were o b se rv e d  in  e a r l y  g r a n u l o c y t e  p r e c u r s o r s  a t  t h e  
l i g h t  m ic ro s c o p ic  l e v e l  ( s e e  C h a p te r  I I ) .  These v a c u o le s  
p ro b a b ly  r e p r e s e n t  a c c u m u la t io n s  of l i p i d  which were no ted  
u l t r a s t r u c t u r a l l y  i n  e a r l y  and i n t e r m e d i a t e  n e u t r o p h i l s .
Reasons f o r  u l t r a s t r u c t u r a l  l e s i o n s  i n  t o x i c  n e u t r o p h i l s  
a r e  s p e c u l a t i v e .  McCall p roposed  t h r e e  mechanisms: 1) c y t o ­
p la s m ic  im m a tu r i t y ,  2) i n c r e a s e  c e l l u l a r  a c t i v i t y ,  o r
3) c e l l u l a r  d e g e n e r a t i o n . 50 j n t h e  p r e s e n t  s t u d y ,  
d i l a t i o n  of  th e  c y t o c a v i t a r y  ne twork  i n  e a r l y  g r a n u l o c y t e  
p r e c u r s o r s  and a c c u m u la t io n  of  f l u i d  i n  t h e  c e l l  sap a re  
m orpho log ic  f e a t u r e s  o f  c e l l  i n j u r y .  C ont inued  d i l a t i o n  of
t h e  rough endop lasm ic  r e t i c u l u m  and p e r i n u c l e a r  c i s t e r n a  w i th  
s u b se q u e n t  r u p t u r e  would produce  l a r g e ,  i r r e g u l a r ,  
e l e c t r o n - l u c e n t  a r e a s .  D e g ra d a t io n  of  t h e s e  membranous 
s t r u c t u r e s  cou ld  r e s u l t  i n  m y e l in  f i g u r e s  and l i p i d  
a c c u m u la t i o n .  A l t e r n a t i v e l y ,  i n c r e a s e d  s y n t h e s i s  of 
ly so so m a l  enzymes may cause  t h e  i n i t i a l  d i l a t a t i o n  of t h e  
rough endop lasm ic  r e t i c u l u m .  S ubsequen t  d i s r u p t i o n  of the  
membranes would l e a d  to  a u t o d i g e s t i o n .  Im m atu r i ty  of th e  
cy to p la sm  i s  i n d i c a t e d  by th e  p e r s i s t e n c e  of rough endo­
p la s m ic  r e t i c u l u m ,  p o ly r ib o s o m e s ,  and m i t o c h o n d r ia  in  m a tu re  
c e l l s .  These f i n d i n g s  s u g g e s t  t h a t  a l l  t h r e e  mechanisms a re  
in v o lv e d  i n  th e  m orphogenes is  of t o x i c  n e u t r o p h i l s  i n  th e
CHAPTER IV
I n  V i t r o  F u n c t i o n  of  Canine N e u t r o p h i l s  
D ur ing  Acute  In f la m m a t io n
I n t r o d u c t i o n
T r a n s i e n t  i n t r i n s i c  d e f e c t s  i n  b a c t e r i c i d a l  c a p a c i t y  can 
o c c u r  i n  n e u t r o p h i l s  from p e r s o n s  w i th  s e v e r e  b a c t e r i a l  
i n f e c t i o n s . 121-125  p h a g o c y t o s i s  i s  g e n e r a l l y  
n o t  im p a i r e d .  B a c t e r i c i d a l  a c t i v i t y  i s  n o t  r e s t o r e d  by 
a d d i t i o n  o f  normal serum and p a t i e n t  serum does no t  induce  
th e  d e f e c t  in  normal c e i l s .  W e in s te in  found no i n t r i n s i c  
k i l l i n g  d e f e c t  i n  n e u t r o p h i l s  from p a t i e n t s  w i th  Gram 
n e g a t i v e  s e p t i c e m i a  and conc luded  t h a t  i n a d e q u a t e  
o p s o n i z a t i o n ,  r a t h e r  th a n  an i n t r i n s i c  n e u t r o p h i l  d e f e c t ,  was 
a s i g n i f i c a n t  cause  of  n e u t r o p h i l  dysfunction.126 
V a r i a t i o n s  i n  t h e s e  r e s u l t s  a r e  l i k e l y  due to  t h e  s t a g e  and 
s e v e r i t y  of  d i s e a s e  a lo n g  w i th  d i f f e r e n c e s  i n  a s s a y  
t e c h n i q u e .
McCall measured  m e ta b o l i c  a c t i v i t y  of  t o x i c  n e u t r o p h i l s  
f rom  human p a t i e n t s  w i th  s e v e r e  b a c t e r i a l  i n f e c t i o n s .127 
Oxygen u p ta k e  and hexose  monophosphate  s h u n t  a c t i v i t y  were 
e l e v a t e d  s l i g h t l y .  Q u a n t i t a t i v e  NBT r e d u c t i o n  was no rm al ,  
b u t  an i n c r e a s e d  number of c e l l s  r educed  th e  dye .  M e ta b o l i c  
changes  were u n r e l a t e d  to  d e g re e  of  l e u k o c y t o s i s ,  c e l l u l a r  
im m a t u r i t y ,  p r e s e n c e  of  f e v e r ,  a z o te m ia ,  h y p o t e n s i o n ,  o r
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a n t i b i o t i c  t h e r a p y .
Lysosomal d e p l e t i o n  and c e l l  im m a tu r i ty  have been 
p ro p o sed  as causes  f o r  d e c re a s e d  f u n c t i o n  in  t o x i c  n e u t r o ­
p h i l s .  127 i n c r e a s e d  ly so s o m a l  p e r m e a b i l i t y  and 
sp o n ta n eo u s  d e g r a n u l a t i o n  a r e  n o te d  in  t o x i c  n e u t r o p h i l s .  
F e a t u r e s  o f  c y to p la s m ic  im m a tu r i ty  i n  t o x i c  n e u t r o p h i l s  
( b a s o p h i l i a ,  i n c r e a s e d  rough endop lasm ic  r e t i c u l u m )  s u g g e s t  
f u n c t i o n a l  Im m a tu r i ty .
I n t r a m u s c u l a r  i n j e c t i o n  of  t u r p e n t i n e  i s  a r e l i a b l e  
model f o r  th e  p r o d u c t i o n  of a c u t e  in f lam m at io n  and t o x i c  
n e u t r o p h i l s  i n  th e  dog ( s ee  C h a p te r  I I ) .  In  t h e  p r e s e n t  
s t u d y ,  th e  a b i l i t y  of t o x i c  n e u t r o p h i l s  from t u r p e n t i n e -  
i n j e c t e d  dogs to  p h a g o c y t i z e  and k i l l  S ta p h y lo c o c c u s  au reu s  
was compared to  normal n e u t r o p h i l s .
M a t e r i a l s  and Methods
Ten mongrel  dogs (4 m a le ,  6 f e m a le )  were v a c c i n a t e d , a 
t r e a t e d  f o r  i n t e s t i n a l  p a r a s i t e s , b and p r e c o n d i t i o n e d  f o r  
two weeks.  F ive  dogs (2 m a le ,  3 f e m a le )  were I n j e c t e d  
i n t r a m u s c u l a r l y  w i th  1 . 0  ml t u r p e n t i n e 0 i n  th e  l e f t  g l u t e a l  
r e g i o n .  F ive  c o n t r o l  dogs (2 m a le ,  3 f em a le )  were i n j e c t e d  
s i m i l a r l y  w i th  1 .0  ml s t e r i l e  0 .9 #  s a l i n e .
Hematology, bone marrow e v a l u a t i o n ,  n e u t r o p h i l  
m orphology ,  and c l i n i c a l  c o u r s e  of  t h e  e x p e r i m e n ta l  model
aVanguard DA2PL + B o r d e t e l l a ,  Nordon L a b o r a t o r i e s ,  
L i n c o l n ,  NE. 
bS t r o n g i d  T, P f i z e r  I n c . ,  New York, NY. 
cMedi-Kay P h a r m a c e u t i c a l  C o . ,  B r o o k f i e l d ,  MD.
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have been d e s c r i b e d  i n  C h a p te r  I I .
N e u t r o p h i l  c o l l e c t i o n  and s e p a r a t i o n :  E ig h t  ml of
venous b lood  were c o l l e c t e d  i n  p o ta s s iu m  E D T A . ^  The sample 
was mixed w i th  4 ml of  6 %  d e x t r a n e i n  0.9% s a l i n e ,  a l low ed  
t o  sed im en t  f o r  30 m in u te s  a t  room t e m p e r a t u r e .  L eu k o c y te -  
r i c h  p lasma was t r a n s f e r r e d  to  a s t e r i l e ,  13 x 100 mm tu b e ,  
and c e n t r i f u g e d  a t  400 g f o r  5 m in u t e s .  The s u p e r n a t a n t  was 
d i s c a r d e d  and th e  c e l l u l a r  b u t to n  re su sp en d ed  in  0 .3  ml 
s t e r i l e  0.9% s a l i n e .  This  l e u k o c y te  r i c h  s u s p e n s io n  was 
l a y e r e d  over  1 ml 31% b o v in e  serum albumin^ i n  RPMI 
(R osw el l  Park  Memorial I n s t i t u t e  Media 1 6 4 0 ) . S A f t e r  
c e n t r i f u g a t i o n  a t  400 g f o r  20 m in u te s ,  t h e  s u p e r n a t a n t  was 
removed and th e  c e l l s  r e su sp e n d e d  i n  1 .0  ml H ank 's  Balanced 
S a l t  S o l u t i o n  (HBSS).h T o t a l  l e u k o c y te  and d i f f e r e n t i a l  
coun ts  were d e te rm in e d  and th e  sample d i l u t e d  i n  HBSS to  
a p p ro x im a te ly  11 x 10^ n e u t r o p h i l s / m l .  V i a b i l i t y  of the  
p h ag o cy te s  was con f i rm ed  by t r y p a n  b lu e  e x c l u s i o n .
P r e p a r a t i o n  o f  b a c t e r i a :  S ta p h y lo c o c c u s  a u re u s
(ATCC 29213) was grown i n  t r y p t o s e  b ro th *  a t  37 C o v e r ­
n i g h t .  A f t e r  tw ic e  w ash ing  in  s t e r i l e  0.9% s a l i n e ,  t h e  
c u l t u r e  was re su sp e n d e d  i n  s a l i n e  and a d j u s t e d  to  an o p t i c a l  
d e n s i t y  o f  0 .5  a t  620 nm (1-2  x 109 b a c t e r i a / m l ) . J The
^ V a c u t a i n e r ,  B e c to n - D ic k in s o n ,  R u t h e r f o r d ,  NJ. 
e1 0 0 , 000-200 ,000  MW, Sigma Chemical C o . ,  S t .  L o u i s ,  MO. 
^ F r a c t i o n  V Powder, Sigma Chemical C o . ,  S t .  L o u i s ,  MO. 
SGrand I s l a n d  B i o l o g i c a l  C o . ,  Grand I s l a n d ,  NY.
^Grand I s l a n d  B i o l o g i c a l  C o . ,  Grand I s l a n d ,  NY.
*D ifco  L a b o r a t o r i e s ,  D e t r o i t ,  MI.
^Coleman J u n i o r  I I ,  A . ,  Coleman I n s t r u m e n t s  D i v i s i o n  of  
P e r k in -E lm e r ,  Oak Brook, IL .
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s u s p e n s io n  was d i l u t e d  s e r i a l l y  i n  HBSS u n t i l  a c o n c e n t r a t i o n  
o f  5 x 10? b a c t e r i a / m l  was a c h ie v e d .
Assay p ro c e d u re :  N i n e - t e n t h s  ml of th e  b a c t e r i a l
s u s p e n s io n  and an e q u a l  volume of  n e u t r o p h i l  s u s p e n s io n  were 
added t o  0 .2  ml poo led  ca n in e  serum i n  a s t e r i l e  16 x 100 mm 
screw cap tu b e .  The c o n c e n t r a t i o n s  of b a c t e r i a  and n e u t r o ­
p h i l s  were 20-40 x 10& b a c t e r i a / m l  and 4-5  x 10& n e u t r o ­
p h i l s / m l  r e s p e c t i v e l y .  During i n c u b a t i o n  a t  37 C, tu b e s  were 
mixed on an a l i q u o t  m ixe r^  t o  f a c i l i t a t e  c o n t a c t  between 
p h ag o cy te s  and b a c t e r i a .  A l iq u o t s  were removed i n i t i a l l y  and 
a t  30 and 60 m inu tes  f o r  q u a n t i t a t i o n  of v i a b l e  b a c t e r i a  and 
e x t r a c e l l u l a r  b a c t e r i a .  Im m edia te ly  p r i o r  to  p l a t i n g  on 
t r y p t o s e  a g a r , 1 each  a l i q u o t  was s o n i c a t e d  f o r  30 
s e c o n d s 111 t o  d i s r u p t  n e u t r o p h i l s  w i th  minimal l o s s  of 
b a c t e r i a l  v i a b i l i t y .  V ia b l e  b a c t e r i a  were coun ted  by 
w i th d ra w in g  a 0 .1  ml a l i q u o t  from th e  a s s a y  t u b e ,  d i l u t i n g  to  
a p p r o x im a te ly  10^-105 b a c t e r i a / m l ,  s o n i c a t i n g ,  and 
p l a t i n g  i n  t r i p l i c a t e  on t r y p t o s e  a g a r  w i th  a 0 .0 0 1  ml c a l i ­
b r a t e d  p la t in u m  w ire  lo o p .  E x t r a c e l l u l a r  b a c t e r i a  were 
enum era ted  by removing a second  0 .1  ml a l i q u o t  from each 
a s s a y  t u b e ,  d i l u t i n g  to  10^-105  b a c t e r i a / m l ,  and c e n t r i ­
f u g in g  a t  50 g f o r  3 m in u t e s .  The s u p e r n a t a n t  was s o n i c a t e d  
and p l a t e d  as b e f o r e .  R e s u l t s  were e x p r e s s e d  as a p e r c e n ta g e  
o f  th e  o r i g i n a l  b a c t e r i a  p h a g o c y t i z e d  or  k i l l e d .
^Ames Company, E l k h a r t ,  IN.
^ i f c o  L a b o r a t o r i e s ,  D e t r o i t ,  MI.
mV i r u s o n i c  ( m i c r o - t i p ,  3555 maximum), The V i r t i s  Co . ,  
G a r d i n e r ,  NY.
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i n i t i a l  coun t  -  co u n t  r em a in ing
___________________________________  x 100 = % p h a g o c y t iz e d  o r
i n i t i a l  coun t  k i l l e d
C o n t ro l  a s say  tu b e s :  For each dog, a tube  c o n t a i n i n g
0 .9  ml b a c t e r i a l  s u s p e n s i o n ,  0 .9  ml c e l l  s u s p e n s io n ,  and 
0 .2  ml p o o le d  serum was in c u b a te d  a t  37C f o r  one hour  w i th o u t  
m ix in g .  In  t h e s e  t u b e s ,  th e  chance of  c o n t a c t  between phago­
c y te  and b a c t e r i a ,  a p r e r e q u i s i t e  of p h a g o c y t o s i s ,  i s  
m in im ized .  D im in ished  b a c t e r i a l  coun ts  i n  t h e s e  tu b es  
r e p r e s e n t  b a c t e r i c i d a l  e f f e c t s  of e x t r a c e l l u l a r  f a c t o r s .  A 
second  c o n t r o l  tube  to  d e t e c t  k i l l i n g  e f f e c t  of th e  media was 
p r e p a r e d  ( 0 .9  ml b a c t e r i a l  s u s p e n s i o n ,  0 .9  ml HBSS w i th o u t  
n e u t r o p h i l s ,  0 .2  ml po o led  se rum ) .  At s i x t y  m in u te s ,  0 .1  ml 
was removed from t h e s e  t u b e s ,  d i l u t e d  to  10^-105 
b a c t e r i a / m l ,  s o n i c a t e d ,  and p l a t e d  in  d u p l i c a t e  w i th  a 
0 .001  ml p l a t in u m  w ire  lo o p .  The amount of  e x t r a c e l l u l a r  
t r a p p i n g  by c e n t r i f u g a t i o n  a t  50 g f o r  3 m in u te s  was 
c a l c u l a t e d  as th e  d i f f e r e n c e  between i n i t i a l  co u n ts  of  the  
s u s p e n s io n  and s u p e r n a t a n t .  Data from p h a g o c y to s i s  and 
k i l l i n g  a s s a y s  were e v a l u a t e d  by a 2 x 7 a n a l y s i s  of 
v a r i a n c e .
R e s u l t s
Hematology and c l i n i c a l  s i g n s  o f  t u r p e n t i n e - i n d u c e d  
in f la m m a t io n  i n  dogs have been d e s c r i b e d  i n  C h a p te r  I I .  Body 
t e m p e r a t u r e s  were e l e v a t e d  and dogs were d e p r e s s e d  w i t h i n  24 
h o u rs  of  i n j e c t i o n .  C l i n i c a l  s i g n s  and t e m p e r a t u r e  were most
s e v e r e  on days 2 and 3 p o s t - i n j e c t i o n  and g r a d u a l l y  r e t u r n e d  
to  normal by day 7. N e u t r o p h i l  numbers peaked a t  8 hours  
p o s t - i n j e c t i o n  (X = 2 9 , 3 0 0 / p l )  and remained e l e v a t e d  
th ro u g h  day 6. Toxic n e u t r o p h i l s  were f i r s t  ob se rv ed  a t  8 
h o u rs  a f t e r  i n j e c t i o n  and were s i g n i f i c a n t l y  e l e v a t e d  a t  16 
h o u r s  (3T = 8 ,5 0 0 / | a l ) .  Toxic  c e l l s  peaked a t  day 2 
(■JT = 1 5 , 0 0 0 / p l )  and d e c l i n e d  g r a d u a l l y  to  b a s e l i n e  by day 
5.
T u r p e n t i n e - i n d u c e d  in f la m m a t io n  d id  no t  a f f e c t  i n  v i t r o  
n e u t r o p h i l  p h a g o c y to s i s  a f t e r  30 o r  60 m inu tes  of i n c u b a t i o n  
( P ig .  1 ) .  B a c t e r i c i d a l  a c t i v i t y  a t  60 m in u te s  was 
u n a f f e c t e d ,  b u t  a t  30 m in u te s  th e  b a c t e r i c i d a l  a c t i v i t y  was 
s i g n i f i c a n t l y  d e c re a s e d  i n  t u r p e n t i n e - i n j e c t e d  dogs on days 
1 ,  4, and 9 p o s t - i n j e c t i o n  ( P i g .  2 ) .  S i g n i f i c a n t  d i f f e r e n c e s  
i n  c o n t r o l  dogs were n o t  o b se rved  i n  e i t h e r  f u n c t i o n  t e s t .
The b a c t e r i c i d a l  e f f e c t s  of e x t r a c e l l u l a r  f a c t o r s  and 
t r a p p i n g  o f  b a c t e r i a  d u r in g  c e n t r i f u g a t i o n  were 
i n s i g n i f i c a n t .
Averages f o r  th e  f u n c t i o n  t e s t s  on th e  f o u r  days 
im m ed ia te ly  f o l l o w i n g  i n j e c t i o n  a r e  l i s t e d  i n  T ab le  1 .
The p e r c e n t a g e  of  b a c t e r i a  k i l l e d  by n e u t r o p h i l s  from 
t u r p e n t i n e - i n j e c t e d  dogs a t  30 m in u te s  was s i g n i f i c a n t l y  l e s s  
th a n  c o n t r o l  v a lu e s  (P < . 0 5 ) .  At 60 m i n u t e s ,  n e u t r o p h i l s  
f rom c o n t r o l  and t u r p e n t i n e - i n j e c t e d  dogs had s i m i l a r  
b a c t e r i c i d a l  a b i l i t y .  P h a g o c y t o s i s  was no t  im p a i r e d  i n  
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P e r c e n t  o f  S ta p h y lo c o c c u s  a u re u s  p h a g o c y t i z e d  a f t e r
30 and 60 m in u te s  of  i n c u b a t i o n  i n  c o n t r o l  ( ----- ) and
t u r p e n t i n e - i n j e c t e d  dogs ( ----- ) .  Each p o i n t
r e p r e s e n t s  X + SEM. Arrow s i g n i f i e s  t im e  of 
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P e r c e n t  o f  S ta p h y lo c o c c u s  a u r e u s  k i l l e d  a f t e r  30 and
60 m in u te s  of  i n c u b a t i o n  i n  c o n t r o l  ( ----- ) and
t u r p e n t i n e - i n j e c t e d  dogs ( -----) .  Each p o i n t
r e p r e s e n t s  Y + SEM. Arrow s i g n i f i e s  t im e  of 





30 M inutes I n j e c t e d
C o n t ro l
91.4  + 0 .8  
92 .2  + 0 .7
60 M inutes I n j e c t e d
C o n t ro l
97 .5  + 0 .5
9 6 . 5  + 0 . 6
30 M inutes
PERCENT KILLED 
I n j e c t e d  
C o n t ro l
75 .9  + 0 .7* 
8 3 . 0  + 1 . 6
60 Minutes I n j e c t e d
C o n t ro l
8 8 . 8  + 0 . 5  
91 .2 + 1 .2
Tab le  1 -  Average p e r c e n t  o f  S ta p h y lo c o c c u s  a u re u s  k i l l e d  or  
p h a g o c y t iz e d  i n  th e  f o u r  days im m ed ia te ly  a f t e r  i n j e c t i o n  
(X + SEM, n = 2 0 ) .  * S i g n i f i e s  t h a t  d i f f e r e n c e  i s  
s t a t i s t i c a l l y  s i g n i f i c a n t  (P < .0 5 ) .
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D is c u s s io n
N e u t r o p h i l s  from some human p a t i e n t s  w i th  s e v e re  
b a c t e r i a l  i n f e c t i o n s  and t o x i c  n e u t r o p h i l s  had d e c r e a s e d  
b a c t e r i c i d a l  a c t i v i t y .121-125  o t h e r s  r e p o r t e d  
norm al n e u t r o p h i l  f u n c t i o n  i n  s i m i l a r  p a t i e n t s .126 
P h a g o c y to s i s  i n  t u r p e n t i n e - i n j e c t e d  dogs i s  n o t  im p a i r e d  a t  
30 o r  60 m in u te s  i n c u b a t i o n ,  which i s  c o n s i s t e n t  w i th  
p r e v io u s  r e p o r t s  i n  man.
R e s u l t s  o f  th e  b a c t e r i c i d a l  a s s a y s  i n  t u r p e n t i n e -  
i n j e c t e d  dogs a r e  i n c o n c l u s i v e .  B a c t e r i c i d a l  a c t i v i t y  was 
normal a t  60 m in u t e s ,  w h i le  t h e  a v e ra g e  p e r c e n ta g e  of 
b a c t e r i a  k i l l e d  a t  30 m in u te s  was s i g n i f i c a n t l y  l e s s  t h a n  
c o n t r o l  (PC .0 5 ) .  An a n a l y s i s  of  d a i l y  r e s u l t s  of  b a c t e r i c i a l  
a c t i v i t y  a t  30 m inu tes  shows l i t t l e  v a r i a t i o n  in  th e  c o n t r o l  
g ro u p .  However, b a c t e r i c i d a l  a c t i v i t y  f l u c t u a t e d  d a i l y  in  
th e  t e s t  group d u r in g  th e  p o s t  i n j e c t i o n  p e r i o d .  K i l l i n g  was 
s i g n i f i c a n t l y  d im in i s h e d  on days 1 ,  4 ,  and 9. Rapid  t u r n o v e r  
o f  b lood  n e u t r o p h i l s  (T 1 /2  = 7 h ou rs  i n  normal dogs22) 
means t h a t  th e  p o p u l a t i o n  of b lood  n e u t r o p h i l s  changes eve ry  
few h o u r s .  T h e r e f o r e ,  a f u n c t i o n a l  d e f e c t  a f f e c t i n g  on ly  a 
few g e n e r a t i o n s  of n e u t r o p h i l s  would cause  a t r a n s i e n t  
d e p r e s s i o n  o f  i n  v i t r o  f u n c t i o n .
D im in ished  k i l l i n g  f u n c t i o n  i n  n e u t r o p h i l s  from 
t u r p e n t i n e - i n j e c t e d  dogs canno t  be a t t r i b u t e d  to  d e f e c t s  in  
o p s o n i z a t i o n .  Pooled  ca n in e  serum, r a t h e r  th a n  a u to lo g o u s  
serum was used  i n  th e  a s s a y  sy s tem .  In  a d d i t i o n ,  d e f e c t i v e  
o p s o n i z a t i o n  sh o u ld  cause  d im in i s h e d  p h a g o c y t i c  a c t i v i t y .
The p a t t e r n  o f  f u n c t i o n a l  change i n  th e  p r e s e n t  s tudy  
does n o t  c o r r e l a t e d  w i th  th e  degree  of n e u t r o p h i l i a ,  number 
o f  t o x i c  n e u t r o p h i l s ,  body t e m p e r a t u r e ,  o r  c l i n i c a l  s i g n s .
I f  r e s u l t s  o f  th e  f u n c t i o n  a s say  were r e l a t e d  to  t h e s e  
v a r i a b l e s ,  f u n c t i o n  s h o u ld  be a t  i t s  lo w es t  on days 1-3  p o s t ­
i n j e c t i o n  and have r e t u r n e d  t o  normal by day 9* R e s u l t s  o f  
t h i s  s tu d y  showed k i l l i n g  to  be normal on days 2 and 3 and 
abnormal on day 9»
I t  i s  t e m p t in g  to  e q u a te  m orpho log ic  changes w i th  
abnormal f u n c t i o n .  The p r e s e n t  d a t a  do n o t  i n d i c a t e  a c l e a r  
r e l a t i o n s h i p .  I t  i s  p o s s i b l e  t h a t  c e l l s  which ap p ea r  " t o x i c "  
s t i l l  have c o n s i d e r a b l e  f u n c t i o n a l  c a p a b i l i t i e s .  On th e  
o t h e r  hand ,  c e l l s  which do n o t  meet th e  c r i t e r i a  of  " t o x i c  
n e u t r o p h i l s "  may w e l l  have b io c h e m ic a l  a l t e r a t i o n s  which 
r e s u l t  i n  im p a i r e d  f u n c t i o n .  I t  i s  p o s s i b l e  t h a t  some f a c t o r  
n o t  m easured  in  t h i s  e x p e r im e n t ,  such as a t i s s u e  breakdown 
p r o d u c t ,  serum f a c t o r ,  o r  m e t a b o l i t e  of  t u r p e n t i n e  may induce  
b io c h e m ic a l  d e f e c t s  i n  n e u t r o p h i l s  which do n o t  r e s u l t  i n  
m orpho log ic  a l t e r a t i o n s .
A no the r  a s p e c t  to  c o n s i d e r  i s  t h e  r e l i a b i l i t y  of  th e  
a s say  p r o c e d u r e .  I n  v i t r o  p h a g o c y to s i s  and k i l l i n g  a r e  
a f f e c t e d  by th e  r a t i o  o f  b a c t e r i a  t o  n e u t r o p h i l s .  Repine  
found t h a t  many p a t i e n t s  had d e f e c t i v e  n e u t r o p h i l  f u n c t i o n  
when t e s t e d  a t  a h ig h  b a c t e r i a  t o  p h ag o c y te  r a t i o .  When 
t e s t e d  a t  low er  r a t i o s ,  n e u t r o p h i l  f u n c t i o n  was 
n o r m a l . H 9  i f  a h i g h e r  b a c t e r i a  t o  n e u t r o p h i l  r a t i o  
had been u s e d ,  p e rh a p s  n e u t r o p h i l  f u n c t i o n  i n
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t u r p e n t i n e - i n j e c t e d  dogs would have been more s e v e r e l y  
a f f e c t e d .
Th is  i s  th e  f i r s t  ex p e r im en t  r e p o r t e d  where n e u t r o p h i l  
f u n c t i o n  i s  m o n i to re d  b e f o r e  and d u r in g  e x p e r i m e n ta l l y  
in d u c ed  a c u te  in f l a m m a t io n .  The o b sc u re  p a t t e r n  of 
d im in i s h e d  b a c t e r i c i d a l  a c t i v i t y ,  and th e  la c k  of c o r r e l a t i o n  
between n e u t r o p h i l  f u n c t i o n  and o t h e r  v a r i a b l e s  c a s t  doubt on 
th e  b i o l o g i c a l  im p o r ta n c e  of  t h i s  o b s e r v a t i o n .  However^ th e  
d e c r e a s e  i n  b a c t e r i a l  k i l l i n g  (30 m i n u t e s ) ,  when a l l  p o s t ­
i n j e c t i o n  samples a r e  a v e r a g e d ,  i s  comparable w i th  r e p o r t s  i n  
m an.121-125 .  These r e s u l t s  p o i n t  ou t  th e  im p o r tan ce  of 
r e p e a t e d  a s s a y s  r a t h e r  s i n g l e  d e t e r m i n a t i o n s  when w ork ing  
w i th  a dynamic c e l l  p o p u l a t i o n .
CHAPTER V 
Summary and C o n c lu s io n s  
I n t r a m u s c u l a r  i n j e c t i o n  of  t u r p e n t i n e  (1 ml)  p roduced  
a c u t e  in f la m m a t io n  and c l i n i c a l  i l l n e s s  i n  dogs l a s t i n g  an 
a v e ra g e  o f  7 d a y s .  I n t e n s i t y  of  c l i n i c a l  s i g n s  p a r a l l e l e d  
changes  i n  r e c t a l  t e m p e r a t u r e ,  n e u t r o p h i l  c o u n t ,  t o t a l  
l e u k o c y t e  c o u n t ,  and number of  t o x i c  n e u t r o p h i l s .
Toxic  n e u t r o p h i l s  i n  t u r p e n t i n e - i n j e c t e d  dogs were 
s i m i l a r  m o r p h o lo g i c a l l y  to  t h o s e  seen  c l i n i c a l l y  i n  dogs w i th  
s e v e r e  in f lam m ato ry  o r  i n f e c t i o u s  p r o c e s s e s .  B a s o p h i l i a  and 
foamy v a c u o l a t i o n  o f  t h e  cy to p la sm ,  a long  w i th  th e  o c c a s i o n a l  
Dohle body, were o b se rv ed  i n  n e u t r o p h i l s  from a l l  
t u r p e n t i n e - i n j e c t e d  dogs .
Bone marrow changes  were d r a m a t i c  d u r in g  th e  co u r se  of 
th e  a c u t e  in f l a m m a t io n .  D e p l e t i o n  of  th e  bone marrow s t o r a g e  
p o o l  o f  n e u t r o p h i l s  ( b a n d s ,  segmented n e u t r o p h i l s ) ,  was 
f o l lo w e d  by marked i n c r e a s e  i n  th e  number of  m y e l o b l a s t s  and 
p r o g r a n u l o c y t e s ,  and b r i s k  m i t o t i c  a c t i v i t y  a t  t h e  m y e lo c y t ic  
s t a g e .  M orpho log ic  changes  i n  th e  g r a n u l o c y t i c  s e r i e s  
i n c l u d e d :  1) i r r e g u l a r  o r  monocyto id  n u c l e a r  shape  of  myelo­
b l a s t s  and p r o m y e lo c y te s ,  2) d i s t i n c t  v a c u o l a t i o n  of th e  
cy to p la s m  o f  e a r l y  g r a n u l o c y t e s ,  and 3) i n c r e a s e d  b a s o p h i l i a  
and foamy v a c u o l a t i o n  of  t h e  c y to p la sm  of  m e ta m y e lo c y te s ,  
b an d s ,  and segmented  n e u t r o p h i l s .  T h is  was fo l lo w e d  by
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i n t e n s e  g r a n u l o c y t i c  h y p e r p l a s i a  and a r e t u r n  t o  normal 
g r a n u l o c y t e  morphology w i t h i n  4 days of  i n j e c t i o n .
U l t r a s t r u c t u r e  o f  th e  normal g r a n u l o c y t i c  s e r i e s  i n  th e  
dog was s i m i l a r  to  d e s c r i p t i o n s  i n  man. E x p la n a t io n  of l i g h t  
m ic ro s c o p ic  changes i n  c a n in e  t o x i c  n e u t r o p h i l s  was o b ta in e d  
from e l e c t r o n  m ic r o s c o p ic  s t u d i e s .  V a c u o l a t i o n  of th e  
cy to p la sm  was due to  i r r e g u l a r ,  e l e c t r o n - l u c e n t  a r e a s  which 
were n o t  membrane bound. However th e  p r e s e n c e  of  membrane 
rem nants  and m ye l in  f i g u r e s  w i t h i n  l u c e n t  a r e a s  s u g g e s t s  t h a t  
some of  t h e s e  a r e a s  were o r i g i n a l l y  membrane bound. 
A ccum ula t ion  o f  f l u i d  i n  t h e  c e l l  s a p ,  in d e p e n d e n t  of  
membrane s t r u c t u r e s  may a l s o  p roduce  c y to p la s m ic  v a c u o l a t i o n .  
I n c r e a s e d  c y to p la s m ic  b a s o p h i l i a  was a t t r i b u t e d  to  th e  
p e r s i s t e n c e  o f  rough en d o p la sm ic  r e t i c u l u m  and p o ly r ib o so m e s  
i n  t o x i c  n e u t r o p h i l s .
Bone marrow u l t r a s t r u c t u r e  of  t u r p e n t i n e - i n j e c t e d  dogs 
i n d i c a t e s  t h a t  v a c u o l a t i o n  in  th e  c y to p la sm  i n  m a tu re  t o x i c  
n e u t r o p h i l s  may r e s u l t  f rom a l e s i o n  i n  t h e  c y t o c a v i t a r y  
network  of  e a r l y  n e u t r o p h i l  p r e c u r s o r s .  D i l a t i o n  of rough 
en d o p la sm ic  r e t i c u l u m  may l e a d  to  d i s r u p t i o n  and d e g r a d a t i o n  
of  t h e s e  membranous s t r u c t u r e s .  These l e s i o n s  p roduced  
i r r e g u l a r ,  e l e c t r o n - l u c e n t  a r e a s  and m y e l in  f i g u r e s  seen  in  
m a tu re  t o x i c  n e u t r o p h i l s .
M orphologic  e v id e n c e  o b ta i n e d  from t h i s  s tu d y  s u g g e s t s  
t h a t  c y t o p la s m ic  i m m a t u r i t y ,  i n c r e a s e d  c e l l u l a r  a c t i v i t y ,  and 
c e l l  d e g e n e r a t i o n  may be i n v o lv e d  i n  t h e  f o r m a t i o n  of  t o x i c  
n e u t r o p h i l s  i n  th e  dog.
R e s u l t s  o f  n e u t r o p h i l  f u n c t i o n  t e s t s  i n  t u r p e n t i n e -  
i n j e c t e d  dogs were i n c o n c l u s i v e .  P h a g o c y to s i s  of 
S ta p h y lo c o c c u s  a u re u s  was no t  im p a i r e d .  D ecreased  
b a c t e r i c i d a l  a c t i v i t y  was p r e s e n t  a f t e r  30 m in u te s  bu t  n o t  60 
m inu tes  o f  i n c u b a t i o n .  The p a t t e r n  o f  d e c re a s e d  b a c t e r i c i d a l  
a c t i v i t y  d id  n o t  c o r r e l a t e  w i th  s e v e r i t y  of c l i n i c a l  s i g n s ,  
deg ree  of  n e u t r o p h i l i a ,  o r  number of t o x i c  n e u t r o p h i l s .  
F u r t h e r  s t u d i e s  w i th  i n  v i t r o  f u n c t i o n  t e s t s  o r  o th e r  
com parable  methods a r e  r e q u i r e d  b e f o r e  t h e  b i o l o g i c a l  
s i g n i f i c a n c e  of th e  b a c t e r i c i d a l  d e f e c t  can be e s t a b l i s h e d .
T u r p e n t i n e - i n d u c e d  in f la m m a t io n  i s  a p r e d i c t a b l e  model 
f o r  th e  p r o d u c t i o n  of t o x i c  n e u t r o p h i l s  i n  th e  dog. S in c e  
d r a m a t i c  changes had a l r e a d y  t a k e n  p l a c e  by 24 h o u r s ,  more 
i n t e n s i v e  s tu d y  of t h e  f i r s t  24 hou rs  p o s t - i n j e c t i o n  i s  
needed to  b e t t e r  u n d e r s t a n d  th e  m orphogenes is  of  t o x i c  
change.  H i s to c h e m ic a l  s t u d i e s  of bone marrow p r e c u r s o r s  t o  
d i f f e r e n t i a t e  g r a n u l o c y t i c  and m onocytic  p r e c u r s o r s  would 
d e te rm in e  t h e  s i g n i f i c a n c e  of m o n o c y to p o ie s i s  i n  th e  model.  
H i s to c h e m ic a l  s t a i n i n g  f o r  l i p i d  would co n f i rm  th e  
co m p o s i t io n  of th e  c l e a r ,  c i r c u l a r  v a c u o le s  i n  e a r l y  
g r a n u l o c y t e  p r e c u r s o r s .  L o c a l i z a t i o n  of  ly sosom al  enzymes 
which a r e  b e ing  s y n t h e s i z e d  i n  th e  rough endop lasm ic  
r e t i c u l u m  d u r in g  g r a n u l o c y t e  deve lopment would e l u c i d a t e  th e  
r o l e  of  rough endop lasm ic  r e t i c u l u m  i n  t h e  f o r m a t io n  of 
e l e c t r o n - l u c e n t  a r e a s  i n  t h e  cy to p la sm  of m ature  t o x i c  
n e u t r o p h i l s .
Toxic  n e u t r o p h i l s  have long  been a s s o c i a t e d  w i th  s e v e r e
in f la m m ato ry  d i s e a s e  i n  a n im a l s .  The p r e s e n t  s tu d y  shows a 
d e f i n i t e  r e l a t i o n s h i p  of  t o x i c  n e u t r o p h i l s  and th e  c l i n i c a l  
c o u r se  o f  th e  d i s e a s e .  S e v e r a l  r e p o r t s  have shown d e c re a s e d  
b a c t e r i c i d a l  a c t i v i t y  of  human t o x i c  n e u t r o p h i l s  and th e s e  
a u t h o r s  s u g g e s t  t h a t  t h i s  d e f e c t  may compromise p a t i e n t  
s u r v i v a l .  R e s u l t s  of th e  p r e s e n t  s tu d y ,  a l th o u g h  
I n c o n c l u s i v e ,  s u g g e s t  t h a t  t h i s  may be t r u e  i n  th e  dog. 
However, th e  d i f f e r e n c e s  i n  u l t r a s t r u c t u r a l  ap p ea ran ce  of  
human and ca n in e  t o x i c  n e u t r o p h i l s  s u g g e s t  t h a t  th e  
b i o l o g i c a l  b e h a v io r  of  t h e s e  c e l l s  may be very  d i f f e r e n t .  
F u r t h e r  s tu d y  of  c a n in e  n e u t r o p h i l  f u n c t i o n  i n  c l i n i c a l  
d i s e a s e  i s  n e c e s s a r y  b e f o r e  d e t e r m in in g  th e  e f f e c t  of t o x i c  
change and abnormal f u n c t i o n  on h o s t  s u r v i v a l .
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TABLE 1: Body Temperature (°P)
99
C o n t r o l  Group*_______ T u r p e n t i n e - I n j e c t e d  Group*
DAY X + SD X + SD
0 101.3 + 1 .1 101.6 + 1 .2 (NS)**
1 101 .7 + O.H 103.7 + 0.7 (P < .01)
2 101.8 + 0 .5 104.2 + 0 .5 (P < .01)
3 101 .2 + 0 .7 103 .8 + 0.8 (P < .01)
4 101.6 + 0 .4 103.2 + 0 .8 (P < .01)
5 101 .3 + 0 .5 102 .9 + 1 .0 (P < .01)
6 101.1 + 0 .8 102.1 + 1 .1 (P <•05)
7 101 .5 + 0 .5 101 .5 + 0.7 (NS)
8 101.3 + 0 .6 101.4 + 0 .6 (NS)
9 101 .5 + 0.4 101 .8 + 0 .5 (NS)
#n = 7
##NS = Not s i g n i f i c a n t l y  d i f f e r e n t .  Data  were e v a l u a t e d  by 
a 2 x 10 a n a l y s i s  o f  v a r i a n c e .
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TABLE 2: Total Leukocyte Counts (xlo3/^l)
C o n t ro l  Group* T u r p e n t i n e - I n j e c t e d  Group*
DAY X + SD X + SD
-2 1 3 .0 + 4 .2 12 .7 + 2 .3 ( N S ) * *
-1 1 5 .6 + 3 .6 13 .7 + 2.2 ( NS)
0 13 .8 + 3 .2 1 3 .0 + 3 .0 (NS)
8 h r s . 1 7 .0 + 5 .3 29 .3 + 11.0 (P < . o i )
16 h r s . 13 .6 + 3 .3 27-5 + 11 .5 (P C.01)
1 15 .3 + 5.2 26.4 + 9 .1 (P < .01)
2 1 3 .9 + 3 .9 28.3 + 10 .2 (P < .01)
3 12 .3 + 2.7 28 .9 + 7 .0 (P < .01 )
4 12 .8 + 2 .8 28 .5 + 8 .3 (P < .01 )
5 1 3 .3 + 3 .3 28 .0 + 10.2 (P < .01 )
6 12 .6 + 3 .4 19 .3 + 9 .2 (P < .01 )
7 • 12 .3 + 3 .0 14 .4 + 5 .3 ( NS)
8 12.7 + 3 .3 15 .0 + 5 .8 ( NS)
9 1 1 .7 + 3.2 1 0 .7 + 2 .7 ( NS)
*n = 7
**Not significantly different. Data were evaluated by
a 2 x 14 analysis of variance.
TABLE 3: Neutrophil Counts (xlo3/|il)
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C o n t ro l  Group* T u r p e n t i n e - I n j e c t e d  Group*
DAY X + SD X + SD
-2 8 .3 + 2 .8 6 .8 + 1 .5 (NS)**
-1 9 .6 + 2 .9 7 .4 + 2 .3 (NS)
0 7 .6 + 1 .6 6 .9 + 2 .0 (NS)
8 h r s . 1 0 .8 + 4 .3 24 .5 + 11*. 3 (P < .01 )
16 h r s . 8 .4 + 3 .9
in.^rCM + 9 .7 (P < .01 )
1 9 .0 + 3 .8 23 .0 + 8 .7 (P < .01)
2 8 .9 + 3 .3 23 .0 + 1 1 .0 (P < .01 )
3 6 .8 + 2 .7 21 .2 + 5 .4 (P < .01)
4 7 .1 + 2 .0 22 .0 + 7 .4 (P < .01 )
5 7 .7 + 2 .9 22 .5 + 10 .5 (P < .01)
6 7 .7 + 2 .8 13 .9 + 8 .3 (P < .01 )
7 6 .8 + 2 .0 9-9 + 5 .3 (NS)
8 6 .9 + 1 .8 10 .1 + 5 .5 (NS)
9 6 .3 + 1 .4 6 .8 + 2 .4 (NS)
*n = 7
**Not significantly different. Data were evaluated by
a 2 x l1! analysis of variance.
TABLE 4: Monocyte Counts (xl()3/p,l)
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C o n t ro l  Group* T u r p e n t i n e - I n j e c t e d  Group*
DAY X + SD X + SD
-2 1 .3 + 0 .7 1 .1 + 0 .5 (NS)**
-1 1 .3 + 0 .4 1 .1 + 0 .6 (NS)
0 1 .6 + 0 .4 1 .3 + 0 .5 (NS)
8 h r s . 1 .9 + 0 .8
-=r•CM + 1 .4 (NS)
16 h r s . 1 .6 + 0 .9 2 .1 + 1 .6 (NS)
1 1 .2 + 0 .7 1 .7 + 0 .7 (NS)
2 1 .5 + 0 .8 3.4 + 1 .9 (P < . o i )
3 1 .4 + 0 .7 4 .6 + 2 .1 (P < . o i )
4 0 .9 + 0 .3 3 .9 + 1 .6 (P < . o i )
5 1 .2 + 0 .3 ' 3 .1 + 1 .2 (P < . o i )
6 • 1 .0 + 0 .5 3 .2 + 1 .4 (P < . o i )
7 1 .0 + 0.4 1 .8 + 1 .0 (NS)
8 1 .2 + 0 .5 1 .7 + 0 .7 (NS)
9 1 .2 + 0 .5 1 .2 + 0 .6 (NS)
*n = 7
**Not significantly different. Data were evaluated by
a 2 x 14 analysis of variance.
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TABLE 5: Lymphocyte Counts (xl03/|il)
C o n t r o l  Group* T u r p e n t i n e - I n j e c t e d  Group*
DAY T + SD x + SD
-2 2 .6 + 1 .2 2 .7 + 0 .6 (NS)**
-1 3 .3 + 2 .1 3 .1 + 0 .8 (NS)
0 3 .3 + 1 .3 2 .9 + 0 .5 (NS)
8 h r s . 3 .3 + 0 .9 2 .3 ± 0 .7 (P < .05)
16 h r s . 2 .7 + 1 .7 0 .9 + 0 .5 (P < .01)
1 3 .4 + 2 .0 1 .6 + 0.4 (P < .01)
2 2 .9 + 1 .3 2 .3 + 0 .9 (NS)
3 3 .0 + 1 .3 2 .6 + 0 .6 (NS)
4 3 .2 + 1 .6 2 .2 + 0 .7 (P <-05)
5 3 .6 + 1 .3 2 .1 + 0 .5 (P < .01)
6 2 .7 + 1 .1 1 .7 + 0 .6 (P <-05)
7 2 .7 + 1 .0 2 .0 + 0 .5 (NS)
8 3 .2 + 1 .5 2 .3 + 0 .3 (P <•05)
9 2 .8 + 1 .3 2 .0 + 0 .4 (P < .05)
*n = 7
**Not significantly different. Data were evaluated by
a 2 x 14 analysis of variance.
TABLE 6: Eosinophil Counts (xl03/|il)
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C o n t ro l  Group* T u r p e n t i n e - I n j e c t e d  Group*
DAY Y + SD Y + SD
-2 0 .8 + 0 . 4 2.1 + 1 .2 (P < . 05)**
-1 1 .3 + 1 .1 2 .1 + 1 .5 (P <.05)
0 1.4 + 0 . 6 1 .8 + 1 .2 (NS)§
8 h r s . 1 .2 + 0 .6 0.9 + 1 .4 (NS)
16 h r s . 1 .4 ± 1 .0 0 .0 + 0 .0 (P < . o i )
1 0. 9 + 0.7 0 .0 + 0 .1 (P c . o i )
2 1 .3 + 0 .8 0 .6 + 0.7 (P <.05)
3 1 .6 + 0 .8 0.3 + 0.3 (P < . o i )
4 1 .5 + 0 . 6 0.3 + 0.2 (P < . o i )
5 1 .6 + 1 .3 0 .2 + 0.3 (P < . o i )
6 1 .4 + o • co 0.7 + 0. 5 (NS)
7 1 .4 + 1 .3 0 .8 + 0.7 (NS)
8 1 .2 + 0 .6 1 .0 + 0 . 7 (NS)
9 1 .4 + 1 .5 0.7 + 0.5 (NS)
*n = 7
*#Data were e v a l u a t e d  by a 2 x 14 a n a l y s i s  o f  v a r i a n c e .  
§Not s i g n i f i c a n t l y  d i f f e r e n t .
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TABLE 7: Band Neutrophil Counts (xl03/|il)
C o n t ro l  Group* T u r p e n t i n e - I n j e c t e d  Group*
DAY X + SD X + SD
-2 0 .0 + 0 .0 0 .0 + 0 .0 (NS)#*
-1 0 .0 + 0 .0 0 .0 + 0 .0 (NS)
0 0.0 + 0 .1 0 .0 + 0 .0 (NS)
8 h r s . 0 .0 + 0 .0 0 .3 + 0.3 (NS)
16 h r s . 0 .0 + 0 .1 2 .4 + 1 .0 (P < .01)
1 0 .0 +
o•o 2 .2 + 1 .1 (P C.01)
2 0 .0 + 0 .0 1 .2 + 1 .0 (P < .01)
3 0 .0 +
o•o 0 .5 + 0 .5 (P < .05)
4 0 .0 Hr 0 .0 0.4 + 0 .5 (NS)
5 0 .1 + 0.1 0 .3 + 0. 6 (NS)
6 0 .0 + 0 .1 0 .2 + 0 .4 (NS)
7 0 .0 + 0 .1 0 .1 + 0 .1 (NS)
8 0 .0 + 0 .0 0 .0 + 0 .0 (NS)
9 0 .0 + 0 .0 0 .0 + 0 .0 (NS)
#n = 7
##Not significantly different. Data were evaluated by
a 2 x 14 analysis of variance.
TABLE 8: Toxic Neutrophil Counts ( x l 0 3 / p l )
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C o n t r o l  Group* T u r p e n t i n e - I n j e c t e d  Group*
DAY X + SD X + SD
-2 0 . 0 + 0 . 1 0 . 0 + 0 . 0 (NS)**





0 0.1 + 0 . 1 0 .1 + 0. 1 (NS)
8 hrs. 0. 1 + 0.1 0.4 + 0. 9 (P <-01)




o + o•o 12. 6 + 8.5 (P < . o i )
2 0 .0 + 0 . 1 15.0 + 8.2 (P < . o i )
3 0 . 0 + 0.0 13 . 8 + 7 . 6 (P < . o i )
4 0 . 1 + 0 . 2 8 . 9 + 3 . 0 (P <. 0 1 )
5 0.0 + 0 . 0 8 . 8 + 9.7 (P <. 0 1 )
6 0.1 + 0 . 1 2.5 + 3.4 (NS)
7 0 . 0 + 0.0 1 . 4 + 2 . 5 (NS)
8 0.0 + 0 . 1 0 . 6 + 0. 9 (NS)
9 0 . 0 +
o
•
o 0. 1 + 0.2 (NS)
*n = 7
**Not significantly different. Data were evaluated by
a 2 x 14 analysis of variance.
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TABLE 9: Myeloid:Erythroid Ratios
C o n t ro l  Group* T u r p e n t i n e - I n j e c t e d  Group*
DAY X + SD X + SD
0 1 .4 + 0 .2 1 .2 + 0 .2 (NS)**
1 1 .9 + 0.3 11 .5 + 0 .5 (NS)
2 1 .8 + 0 .3 21 .1 + 9 .2 (P < .01)
3 1 .5 ± 0.3 20 .0 + 8 .7 (P < .01)
4 1 .5 + 0 .3 18 .2 + 9 .4 (P < .01)
9 1 .5 + 0.3 4 .2 + 2 .2 (NS)
*n = 4
**Not s i g n i f i c a n t l y  d i f f e r e n t .  D ata  were e v a l u a t e d  by 
a 2 x 6 a n a l y s i s  o f  v a r i a n c e .
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TABLE 10: G ra n u lo c y te  M i t o t i c  Poo l  as a P e r c e n t a g e  of T o t a l
M yeloid Mass
C o n t ro l  Group* T u r p e n t i n e - I n j e c t e d  Group*
DAY X + SD ■JT + SD
0 13.4 + 4.1 11 .6 + 2.4 (NS)#*
1 1 1 .7 + 3 .2 27 .6 + 5 .2 (P < .01)
2 8 .0 + 2 .2 34 .1 + 7 .2 (P < .01)
3 11 .2 + 1 .5 21 .5 + 5.2 (P C.01)
4 9 .2 + 3 .5 14 .9 + 5 .1 (NS)
9 12 .0 + 3 .0 8 .3 + 2 .1 (NS)
#n = 4
*#Not s i g n i f i c a n t l y  d i f f e r e n t .  Data were e v a l u a t e d  by 
a 2 x 6 a n a l y s i s  of  v a r i a n c e .
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TABLE 11: Percent of Staphylococcus aureus Phagocytlzed
After 30 Minutes Incubation
C o n t ro l  Group* T u r p e n t i n e - I n j e c t e d  Group*
DAY y + SD Y + SD
-1 . 92 .2 + 3. 5 93.4 + 3. 8 (NS)**
0 90. 6 + 3 . 0 92.9 + 3.2 (NS)
1 90.1 + 4 . 0 90.2 + 5.2 (NS)
2 93.7 + 3.9 87.6 + 2 . 7 (P < . o i )
3 91 . 6 + 2 . 7 94.2 + 2. 0 (NS)
4 93.6 + 1 . 7 93.5 + 2.2 (NS)
9 94.4 + 3 . 0 93.0 + 2 . 7 (NS)
*n = 5
**Not significantly different. Data were evaluated by
a 2 x 7 analysis of variance.
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TABLE 12: Percent of Staphylococcus aureus Phagocytized
After 60 Minutes Incubation
C o n t ro l  Group* T u r p e n t i n e - I n j e c t e d  Group*
DAY X + SD X + SD
-1 94.7 + 2 .6 95.8 + 2 .8 (NS)*#
0 95 .7 + 1 .4 96 .8 + 0 .6 (NS)
1 96.1 + 2 .6 97.5 + 2 .3 (NS)
2 , 96 .7 + 2 .2 96 .3 + 1 .7 (NS)
3 96.7 + 1 .7 97.9 + 1 .1 (NS)
4 96 .2 + 1 .6 98.1 + 1 .4 (NS)
9 96 .1 + 2 .1 94.8 + 2 .3 (NS)
*n = 5
##Not significantly different. Data were evaluated by
a 2 x 7 analysis of variance.
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TABLE 13: Percent of Staphylococcus aureus Phagocytized
After 30 Minutes In.cubation
C o n t ro l  Group* T u r p e n t i n e - I n j e c t e d  Group*
DAY ■jr + SD T + SD




00 + 3.1 81 .4 + 5 .8 (NS)
1 83.7- + 6 .2 69.8 + 5 .9  . (P < .01)
2 84.4 + 5.4 80 .3 + 8.7 (NS)
3 82.1 + 6 .1 81.4 + 2 .8 (NS)
4 81 .6 + 5 .4 71 .8 + 6.5 (P <*05)
9
■=r•in
00 + 7 .2 75.9 + 7 .7 (P < .05)
*n = 5
##Not significantly different. Data were evaluated by
a 2 x 7 analysis of variance.
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TABLE 14: Percent of Staphylococcus aureus Killed
After 60 Minutes Incubation
C o n t r o l  Group* T u r p e n t i n e - I n j e c t e d  Group*
DAY X + SD X + SD
-1 90.7 + 3 .5 89 .3 + 3 .7 (NS)**
0 89 .7 + 0 .7 90 .8 + 3.0 (NS)
1 88.5 + 5 .7 86 .4 + .3 .7 (NS)
2 93.3 + 3.7 88 .0 + 1 .6 (NS)
3 9 1 .8 + 3 .2 91 .9 + 3 .0 (NS)
4 91 .1 + 2.4 88 .4 + 3 .3 (NS)
9 89.1 + 3 .1 88 .5 + 3 .1 (NS)
*n = 5
**Not significantly different. Data were evaluated by
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